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Antagonistic Brological oO 


An Experimental Study on Guinea Pigs 


G. W. H. SCHEPERS, M.D., D.Sc. 
and 
A. B. DELAHANT, Saranac Lake, N. Y. 


One of the major catastrophies of the silica 
industry was first recorded 25 years ago, 
when Koch? reported an acute silicosis re- 
sulting from the inhalation of fine quartz 
dust mixed with alkalies. Since that date a 
spate of similar occurrences have been re- 
ported from all over the industrial world.* 
In the majority of instances, the incriminat- 
ing exposures were experienced in connec- 
tion with the manufacture of scouring pow- 
ders, and one of us (G. W. H.S.) has seen 
several instances in South Africa. In most of 
these cases, the silicosis was of an aberrant 
type and characterized by the rapid appear- 
ance of massive confluent fibrocellular lesions 
and marked hilar periadenitis. The disease 
proved fatal in less than two years in a large 
proportion of cases, and in some instances 
the victims died within a matter of weeks.* 
Abnormal susceptibility did not appear to 
play a part in provoking this malignant 
reaction. In Rossing’s series, for instance, 
all employees were affected within a space of 
seven years. The terminal complication in 
the majority of reported cases appeared to 
be cor pulmonale or tuberculosis, but it is 


Recorded for publication June 28, 1955. 

Director (Dr. Schepers) and Research Associate 
(Mr. Delahant), The Saranac Laboratory. 

* References 2-11. 


remarkable that tuberculosis played no role 
in the early pathogenesis of the disease. 
Owing to the often rapidly spreading nature 
of the radiographic shadow, the attendant 
malaise and toxemia, the frequent appearance 
of miliary shadowing, and, in some instances, 
dissemination of the process to extrathoracic 
organs, such as the liver or spleen,’ tuber- 
culosis was frequently diagnosed in error 
until autopsy provided the final answer. 


In some cases the quartz flour was mixed 
with diatomite and kaolin,’® thus confusing 
the issue. However, in the majority of cases, 
the combination of quartz flour with an 
alkali (in the form of soda) was the only 
factor to contend with. The alkali content 
ranged from 2% '° to 25%.* Soon the theory 
that the alkali had increased the solubility 
of the quartz accepted. 
Kettle '* opposed this concept on chemical 
grounds, and Lochtkemper and Teleky ** 
drew attention to the fact that in their clin- 
ical experience with a sandpaper industry 
the addition of varying quantities of alkali 
produced no significant additional danger 
over that which could result from compar- 
able exposures to pure quartz dust generated 
in a quartz mill. The suggestion would seem 
to be, therefore, that it is the fineness and 
purity of the quartz flour, together with 
massive exposures, rather than the addition 
of the alkali, which provoked the overwhelm- 
ing pulmonary reaction. It is clear that this 
type of problem would be settled only by 
the experimental method. There is no record 
of any systematic investigation in this direc- 
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tion, though The Saranac Laboratory did 
experiment with one of the soap powders 
and failed to obtain any fibrotic response. 

It is with considerable interest, therefore, 
that among the uncompleted labors of the late 
Dr. L. U. Gardner a brief relevant experi- 
ment, in which one of us (A. B. D.) parti- 
cipated, could be found. 

In this study a mixture of quartz dust, 
potassium carbonate, and carbon in the fol- 
lowing proportions 


Quartz (lu-3u) 61.0% 
K-COs 38.5% 


Charcoal (34 and less) 0.5% 


was introduced intratracheally into the guinea 
pig lungs and intraperitoneally. The mix- 
ture was injected into the trachea in nine 
animals in two doses of 0.5 cc. of a 10% 
suspension at weekly intervals. Thus a total 
dose of 100 mg. per animal was administered. 
For the intraperitoneal injections, pairs of 
guinea pigs each received 2 cc. of a suspen- 
sion of the mixture. The strength of the 
suspension, which was different for each pair 
of animals, was 10%, 7%, 5%, 2%, and 
0.5%. 


OBSERVATIONS 


In Tables 1 and 2 the results of these 
experiments are summarized. It will be seen 
that five of the nine animals in the intra- 
tracheal experiment died of pneumonia. 
Whether or not this was due to an inter- 
current infection was not established. The 
occurrence of the first three deaths within 
the first six weeks suggests a causal relation 
between the deaths and the acute tissue 
response to the injected mixture. However, 
animals succumbing to toxic factors in an 
injected dust usually do so within a shorter 
period, and the deaths may possibly be co- 
incidental. To substantiate this postulate 
reference to the records of The Saranac 
Laboratory at the time of inception of the 
present experiment revealed that an epizo- 
otic was rampant at that time. 

The initial conspicuous lesions produced 
in the lungs of these animals are quite in 
conformity with the results to be expected 
on the introduction of moderately irritative 
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TABLE 1.—Pulmonary Effects of Intratracheal 
Injections of a 3:2 Admixture of Quartz 
Dust and Potassium Carbonate 


Days 
Guinea after Died* 
Pig, Injee- or 


No. tion Killed Gross Pulmonary Reaction 


19 32 D Consolidation left caudal lobe 

4 38 D Single large gray conglomerate 
lesion, with pleural adhesion 

6 41 D Congestion with consolidation of 
right cephalic lobe; large firm 
conglomerate lesion, with over- 
lying adhesion 

1 40 K Large conglomerate lesion, with 
heavy pleural pigmentation and 
obliterative pleuritis 

2 130 . K Large conglomerate lesion, with 
overlying adhesion 

20 179 D Voluminous lungs, with a con- 
glomerate mass in left caudal 
lobe; metastatic gray subcap- 
sular hepatie and splenic foci 
of dust reaction 

3 253 D Spontaneous rupture and pleural 
effusion, with large conglomer- 
ate lesion 

5 400 K Large pale green conglomerate 
lesion, with obliterative 
pleuritis 

21 575 K Two large black soft conglomer- 


ate lesions 


* All spontaneous deaths were due to pneumonia. 


foreign matter. The point of greatest rele- 
vance concerns the fact that the masses 
provoked did not increase in size, become 
indurated, or undergo necrosis even after 
575 days. The response to an equal dose 
of quartz alone would, at a commensurate 
stage, have been an unequivocally progres- 
sive sclerotic affair. 

The peritoneal reaction parallels this pul- 
monary response (Table 2). The deaths 
from the 10% and 7% suspensions in the 
early phases of the experiment were un- 
doubtedly due to the toxic action of the 
injected SiO. plus K2CO; mixture. The 
lesions were instances of classical chemical 
peritonitis. Guinea Pig 55, however, shows 
that this peritonitis was not invariably fatal, 
leading to partial recovery. The lesions found 
in the remaining animals may all be clas- 
sified as benign in comparison with those 
ordinarily to be expected from quartz alone 
in an equivalent dosage. 

The analysis of the pulmonary histo- 
pathology elucidated the whole problem. The 
immediate effect of the introduction of this 
blend of quartz and potassium carbonate was 
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ANTAGONISTIC ACTION 


OF QUARTZ AND POTASSIUM CARBONATE 


TasLe 2.—Effect of Intraperitoneal Injections of a 3:2 Mixture of Quartz and Potassium Carbonate 


Concentra- 
tion of Sus- Guinea Died or 
pension, % Pig Killed 


32 D \ 


Survival 
Days, No. 


10 


Observations 


Serosanguineous effusion with intense injection; no necrosis; 


distended bowel 


Colorless fluid; hard pigmented mass 


Pulmonary atelectases; abdominal mass with central colli- 
quative necrosis 


Plastic peritonitis with small masses 
Small soft peritoneal plaques; slight thickening of omentum 


Small soft peritoneal plaques; external ileal adhesions with 
fatal obstruction 


Matted adhesions of ileum and omentum; died from rodent 
typhoid 


AR AR 


to produce marked and universal cytological 
reaction. 

By the end of three days very little pig- 
ment was preserved within the lungs and 
all of it was found intracellularly. Some of 
the dust had also been transferred to the 
hilar lymph nodes. 

The characteristic lesion consisted of a 
diffuse alveolar wall thickening caused by 
capillary distention, proliferation of septal or 
mural cells, and infiltration of these walls by 
numerous macrophages and fibroblasts, many 
of the former being pigment-laden. 

Lying free within the alveoli there were 
numerous macrophages and multinucleated 
giant cells. These cells were charged with 
dust particles and tended to be in contact 
with the alveolar walls. Some of the giants 
were so large as to occupy some alveoli 
completely. 

The abundance of macrophages and fibro- 
blasts was particularly marked around the 
smaller blood vessels and bronchioles. The 
epithelium of the respiratory passages showed 
some swelling and regional superficial necro- 
sis, which became a more constant feature 
in the smaller ramifications, where copious 
desquamatory matter occurred in the lumina. 
The smaller blood vessels likewise were 
found ensheathed in prominent cellular cuffs, 
and their muscular layers showed hyper- 
trophy even within the lymph nodes (Fig.1). 


Peritoneal and omental plaques 
lleal adhesions; multiple omental soft dust deposits 


Single small soft peritoneal plaques and isolated multiple 
small omental dust deposits 


Isolated multiple omental dust deposits 


At the end of 400 days, the essential lesion 
still persisted as a cellular hyperplasia of all 
components of the lung tissue. Regionally 
the infiltration of the alveolar walls was so 
abundant that confluence might be simu- 
lated, especially where numerous macro- 
phages were present within the alveoli 
(Fig. 24). This effect was enhanced in 
some areas and simulated at others through 
marked regional atrophy of alveolar spaces 
in which dust-filled macrophages and giant 
cells tended to collect (Fig. 2B). These 
atelectatic parts of the lung may be topo- 
graphically related to foci of bronchitis and 
obliterative bronchiolitis, which were ob- 
served at separate points. 

Atrophic vesicular emphysema was ap- 
parent throughout both lung fields (Fig. 2). 
There was a distinct decrease in the vascular- 
ity of the parenchyma because of the partial 
obstruction of smaller blood vessels by the 
proliferated cells around them or composing 
their walls. 

In some of the animals killed after 575 
days, condensations of the dust were found 
at isolated foci (Fig. 34). These areas 
consisted of pigment-filled atrophic alveoli, 
and there was no significant cellular reaction 
in relation to these areas and no fibrosis. 
These conglomerate masses of pigment with 
supporting stroma comprised of the residua 
of alveolar walls were contained in giant 
macrophages. 
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tion, though The Saranac Laboratory did 
experiment with one of the soap powders 
and failed to obtain any fibrotic response. 

It is with considerable interest, therefore, 
that among the uncompleted labors of the late 
Dr. L. U. Gardner a brief relevant experi- 
ment, in which one of us (A. B. D.) parti- 
cipated, could be found. 

In this study a mixture of quartz dust, 
potassium carbonate, and carbon in the fol- 
lowing proportions 

Quartz (lu-3z) 61.0% 

K:COs 38.5% 

Charcoal (34 and less) 0.5% 
was introduced intratracheally into the guinea 
pig lungs and intraperitoneally. The mix- 
ture was injected into the trachea in nine 
animals in two doses of 0.5 cc. of a 10% 
suspension at weekly intervals. Thus a total 
dose of 100 mg. per animal was administered. 
For the intraperitoneal injections, pairs of 
guinea pigs each received 2 cc. of a suspen- 
sion of the mixture. The strength of the 
suspension, which was different for each pair 
of animals, was 10%, 7%, 5%, 2%, and 
0.5%. 


OBSERVATIONS 


In Tables 1 and 2 the results of these 
experiments are summarized. It will be seen 
that five of the nine animals in the intra- 
tracheal experiment died of pneumonia. 
Whether or not this was due to an inter- 
current infection was not established. The 
occurrence of the first three deaths within 
the first six weeks suggests a causal relation 
between the deaths and the acute tissue 
response to the injected mixture. However, 
animals succumbing to toxic factors in an 
injected dust usually do so within a shorter 
period, and the deaths may possibly be co- 
incidental. To substantiate this postulate 
reference to the records of The Saranac 
Laboratory at the time of inception of the 
present experiment revealed that an epizo- 
otic was rampant at that time. 

The initial conspicuous lesions produced 
in the lungs of these animals are quite in 
conformity with the results to be expected 
on the introduction of moderately irritative 
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TaBLE 1.—Pulmonary Effects of Intratracheal 
Injections of a 3:2 Admixture of Quartz 
Dust and Potassium Carbonate 


Days 
Guinea after Died* 
Pig, Injec- or 
No. tion Killed 
19 32 D 
4 38 D 


Gross Pulmonary Reaction 
Consolidation left caudal lobe 
Single large gray conglomerate 
lesion, with pleural adhesion 

Congestion with consolidation of 
right cephalic lobe; large firm 
conglomerate lesion, with over- 
lying adhesion 


Large conglomerate lesion, with 
heavy pleural pigmentation and 
obliterative pleuritis 

Large conglomerate lesion, with 
overlying adhesion 

Voluminous lungs, with a con- 
glomerate mass in left caudal 
lobe; metastatic gray subcap- 
sular hepatie and splenic foci 
of dust reaction 

Spontaneous rupture and pleural 
effusion, with large conglomer- 


6 41 D 


2 130 K 


20 179 D 


3 253 D 


ate lesion 

5 400 K Large pale green conglomerate 
lesion, with obliterative 
pleuritis 

21 575 kK Two large black soft conglomer- 


ate lesions 


* All spontaneous deaths were due to pneumonia, 


foreign matter. The point of greatest rele- 
vance concerns the fact that the masses 
provoked did not increase in size, become 
indurated, or undergo necrosis even after 
575 days. The response to an equal dose 
of quartz alone would, at a commensurate 
stage, have been an unequivocally progres- 
sive sclerotic affair. 

The peritoneal reaction parallels this pul- 
monary response (Table 2). The deaths 
from the 10% and 7% suspensions in the 
early phases of the experiment were un- 
doubtedly due to the toxic action of the 
injected SiO, plus K2CO; mixture. The 
lesions were instances of classical chemical 
peritonitis. Guinea Pig 55, however, shows 
that this peritonitis was not invariably fatal, 
leading to partial recovery. The lesions found 
in the remaining animals may all be clas- 
sified as benign in comparison with those 
ordinarily to be expected from quartz alone 
in an equivalent dosage. 

The analysis of the pulmonary histo- 
pathology elucidated the whole problem. The 
immediate effect of the introduction of this 
blend of quartz and potassium carbonate was 
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OF QUARTZ AND POTASSIUM CARBONATE 


TasLe 2.—Effect of Intraperitoneal Injections of a 3:2 Mixture of Quartz and Potassium Carbonate 


Concentra- 
tion of Sus- Guinea Survival Died or 
pension, % Pig Days, No. Killed 
10 pe D \ 
35 1 D J 
( 57 13 D 
| 60 18 D 
55 30 kK 
7 56 120 K 
| 59 140 D 
58 160 D 
{ 58 30 


to produce marked and universal cytological 
reaction, 

By the end of three days very little pig- 
ment was preserved within the lungs and 
all of it was found intracellularly. Some of 
the dust had also been transferred to the 
hilar lymph nodes. 

The characteristic lesion consisted of a 
diffuse alveolar wall thickening caused by 
capillary distention, proliferation of septal or 
mural cells, and infiltration of these walls by 
numerous macrophages and fibroblasts, many 
of the former being pigment-laden. 

Lying free within the alveoli there were 
numerous macrophages and multinucleated 
giant cells. These cells were charged with 
dust particles and tended to be in contact 
with the alveolar walls. Some of the giants 
were so large as to occupy some alveoli 
completely. 

The abundance of macrophages and fibro- 
blasts was particularly marked around the 
smaller blood vessels and bronchioles. The 
epithelium of the respiratory passages showed 
some swelling and regional superficial necro- 
sis, which became a more constant feature 
in the smaller ramifications, where copious 
desquamatory matter occurred in the lumina. 
The smaller blood vessels likewise were 
found ensheathed in prominent cellular cuffs, 
and their muscular layers showed hyper- 
trophy even within the lymph nodes (Fig.1). 


Single small soft peritoneal plaques and isolated multiple 
small omental dust deposits 


Isolated multiple omental dust deposits 


Observations 


Serosanguineous effusion with intense injection; no necrosis; 
distended bowel 
Colorless fluid; hard pigmented mass 


Pulmonary atelectases; abdominal mass with central colli- 
quative necrosis 


Plastie peritonitis with small masses 
Small soft peritoneal plaques; slight thickening of omentum 


Small soft peritoneal plaques; external ileal adhesions with 
fatal obstruction 


Matted adhesions of ileum and omentum; died from rodent 
typhoid 


Peritoneal and omental plaques 
Ileal adhesions; multiple omental soft dust deposits 


At the end of 400 days, the essential lesion 
still persisted as a cellular hyperplasia of all 
components of the lung tissue. Regionally 
the infiltration of the alveolar walls was so 
abundant that confluence might be simu- 
lated, especially where numerous macro- 
phages were present within the alveoli 
(Fig. 24). This effect was enhanced in 
some areas and simulated at others through 
marked regional atrophy of alveolar spaces 
in which dust-filled macrophages and giant 
cells tended to collect (Fig. 2B). These 
atelectatic parts of the lung may be topo- 
graphically related to foci of bronchitis and 
obliterative bronchiolitis, which were ob- 
served at separate points. 

Atrophic vesicular emphysema was ap- 
parent throughout both lung fields (Fig. 2). 
There was a distinct decrease in the vascular- 
ity of the parenchyma because of the partial 
obstruction of smaller blood vessels by the 
proliferated cells around them or composing 
their walls. 

In some of the animals killed after 575 
days, condensations of the dust were found 
at isolated foci (Fig. 34). These areas 
consisted of pigment-filled atrophic alveoli, 
and there was no significant cellular reaction 
in relation to these areas and no fibrosis. 
These conglomerate masses of pigment with 
supporting stroma comprised of the residua 
of alveolar walls were contained in giant 
macrophages. 
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Fig. 1—Inhibitory action of potassium carbonate on quartz: guinea pig, 32-day result. A, 
lung tissue: illustrates marked cellular proliferation, with macrophage catarrh and alveolar wall 


thickening; no necrosis. B, lymph node: macrophage infiltration of medulla, without necrosis 
or sclerosis. 


Fig.2—Delayed combined effect of quartz and potassium carbonate: guinea pig, 400-day 
result. A, subpleural region with dust-laden macrophages and giant cells trapped in cortical 
alveoli; note atrophic emphysema. B, atelectatic parabronchial zone, with retained intracellular 
dust in alveoli. 
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ANTAGONISTIC ACTION OF QUARTZ 


AND POTASSIUM CARBONATE 


Fig. 3—Residual lesions resulting from the intratracheal injection of quartz and potassium 
carbonate in a 3:2 ratio: guinea pig, 575-day result. A, lung: parenchymal focus with dust 
trapped within atrophic alveoli; no residual, regional, cellular, or fibrotic reaction. B, lymph 
node: persisting dust-laden macrophages in medulla, without associated fibrogenesis. 


The lymph nodes still showed marked 
macrophage and giant cell infiltration into 
the medulla at this stage. Whole islands 
of such cells were found within distended 
lymph sinuses (Fig. 3B). 

Signs of fibrosis could first be discerned 
in the lungs of this last group of guinea pigs. 
It was sparsely laid down and mainly 
perivascular in distribution. Some of the 
alveolar walls were fibrotic and avascular, 
and the atrophic emphysema had advanced 
a little further in some areas. On the whole, 
however, there were fewer koniophores in 
the alveoli. 

In the lymph nodes, too, the macrophages 
had more or less disappeared, leaving behind 
central collections of opaque pigment. 

From these microscopic features it is 
clear, therefore, that the combination of 
potassium carbonate with quartz in a 3 to 2 
ratio, with a trace of charcoal added, nulli- 
fied to a large extent the fibrogenic pro- 
pensity of the quartz and no silicotic nodules 


developed, though some diffuse minimal alve- 
olar wall and vascular damage, bronchiolitis, 
and emphysema persisted. 

The peritoneal histological features were 
in complete conformity with the reaction to 
transiently irritating foreign substances. In 
these animals that died of a chemical peri- 
tonitis as a result of the introduction of the 
10% suspension, the inflammatory reaction 
was subacute in degree, without any necro- 
sis. The subperitoneal masses which formed 
in the animals receiving the 7% suspension 
were unlike those associated with quartz 
dust, being limited to monocytic and isolated 
giant cell infiltrations and occasional initial 
minimal leucocytosis. This benign cellular 
reaction persisted to the end of the 160th 
day. The reactions to the 5%, 2%, and 0.5% 
suspensions of the quartz-potassium carbo- 
nate mixture were limited to monocytic infil- 
tration, without giant cell formation or 
necrosis. These lesions showed no significant 
regression after 120 days but also gave no 
indication of aggravation or fibrosis. 
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COMMENT 


While the tissue reaction to this mixture 
of dusts cannot be classified as completely 
inert, there is no doubt that the quartz had 
been inhibited in respect of its most charac- 
teristic propensity, i. e., the capacity to pro- 
voke fibrosis. To be precise, some fibroblasts 
were detectable within the cellular lesions at 
the end of the first month, and fibrosis of a 
limited degree was discernible in animals at 
the end of 575 days; but this reaction was no 
more than what could be found in the pres- 
ence of so-called inert dust lesions and by no 
means comparable to the marked sclerosis 
induced by pure quartz. 

The faculty of quartz to bring about focal 
necrosis was in equal measure suppressed. 
It is not yet certain whether the fibrogenic 
propensity of quartz is not perhaps linked 
to its faculty to bring about cellular death, 
though a recent study by one of us ™ suggests 
that quartz has triple independent cytobio- 
logical action, viz., to denature or precipitate 
tissue ground substance protein, to attract 
and destroy eosinophile leucocytes, and to 
attract and cause histiocytes and fibroblasts 
to proliferate. In the case of the present 
quartz-potassium carbonate mixture the ca- 
pacity to attract eosinophile cells was appar- 
ently also suppressed, as none were found 
in the lesions examined. 


In designing this experiment Dr. Gardner 
merely had in mind duplicating an industrial 
hazard which he had under observation at 
the time. His surprise at the result was 
candidly expressed in some of the cor- 
respondence on file at the Laboratory. It 
became immediately apparent to Gardner 
that the results of the experiment challenged 
very fundamentally the solubility theory of 
silicosis and that it possibly favored his own 
colloidal silica pathogenic concept. 

To test out these hypotheses, Gardner pro- 
ceeded as follows +: A 10% mixture of the 
various components was suspended in iso- 
tonic saline, arnoldized, and then stored in 


+ Gardner, L. U.: Private correspondence, Sara- 
nac Laboratory Archives, 1945. 
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a Pyrex flask in the icebox for four days. 
“Soluble” silica was then determined colori- 
metrically by the phosphomolybdic acid 
method. The results were as follows: 


“Soluble” 
Silica, 
Component pH Ppm 
Quartz 61% and KeCOs 38.5%.......... 1.6 281.1 


The value of 51.2 for the KgCOs alone prob- 
ably represents the amount of SiQ» dis- 
solved from the glass. Subtracting this 
value from that for the complete blend yields 
a net “soluble” silica for the latter of 227.9 
ppm. 


From these results Gardner concluded that 
the soluble silica theory of silicosis had 
received a further refutation. From the fact 
that no fibrosis resulted even after 575 days 
and the low pH of the mixture, it seemed 
evident that the quartz and potassium carbo- 
nate underwent a more or less permanent 
combination. 


Gardner did not attribute undue impor- 
tance to the presence of the small amount 
of charcoal in the mixture in bringing about 
the inhibitory action. In vitro tests had al- 
ready shown that carbon does not adsorb 
colloidal silica, the two substances having 
the same electrical charges. 


Gardner also detected that the apparent 
protection against the action of quartz ex- 
erted by the potassium carbonate appeared 
to be more complete than that produced by 
aluminum in at least one respect. “In the 
case of aluminum inhibition, for reasons as 
yet unexplained, quartz that is transported 
outside the primary organ of localization 
seems to leave its inhibitor behind and is 
free to produce silicosis in the metastatic 
foci.” In the case of the potassium carbonate- 
quartz mixture, no fibrosis of any conse- 
quence developed in either the lungs or the 
root nodes. However, in one instance (Guinea 
Pig 20, Table 1) metastatic foci of reaction 
appeared under the capsule of the liver and 
spleen. They were remarkably like tubercu- 
losis in their histological features but were 
obviously caused by the dust. Their occur- 
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rence reminds one of the hepatic and splenic 
dissemination described by Ritterhoff * in an 
abrasive-soap-manufacturing employee. 

The results of this experiment shed no 
further conclusive light on silicotic fibro- 
genesis in terms of either the surface adsorp- 
tion theory or the silicic acid polymer con- 
cept sponsored by Holt and Yates.'° How- 
ever, the persisting low pH obtained in 
vitro in spite of the admixture of the alka- 
line potassium carbonate does not negate 
the possibilities in favor of the polymer 
theory. 

The lack of cellular necrosis revealed by 
this study may, more than perhaps any other 
factor, account for the rapid spread and 
aberrant character of the silicotic reaction in 
victims of abrasive-soap industrial exposures. 
Ii the macrophages laden with quartz and 
the soda ash in these cases fail to die before 
being transported to far-distant points, an 
opportunity is left for subsequent extensive 
silicotic fibrosis once the chemical factor 
blocking the biotoxic capacity of the quartz 
is Overcome. 

SUMMARY 


The problem of the diffuse, sclerosing 
reaction and the high fatality rate in per- 
sons excessively exposed to quartz flour 
mixed with alkalies is reviewed. 

An intratracheal and intraperitoneal injec- 
tion experiment with a mixture of quartz 
dust and potassium carbonate in a 3 to 2 
ratio is described. 

The potassium carbonate effectively in- 
hibited the necrotizing and fibrogenic prop- 
erties of the quartz. 

This result is apparently not brought about 
by increased solubility of the SiO, which is 
promoted by the KsCOs. 
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Experimental Shudy of the Effects of 


Whetals on Lungs 


ANTHONY B. DELAHANT, Saranac Lake, N. Y. 


In this paper the results of a series of ex- 
periments which I conducted under the direc- 
tion of the late Leroy U. Gardner, M.D., 
during 1943 will be reported. The report will 
be limited to a review of the method and the 
macroscopically observable results. The anal- 
yses of the histopathological reactions are re- 
ported separately.* 

In all, six metallic substances were studied. 
These comprise tantalum oxide, tungsten, 
tungsten carbide and carbon, cobalt, cobaltic 
oxide, and tungsten carbide and cobalt. As 
will be apparent, these are all substances 
which may gesture as potential environ- 
mental respiratory hazards in the cemented 
tungsten carbide industry. The purpose of 
the study as designed by Dr. Gardner was 
to establish which particulate metallic com- 
ponent, that may be inhaled in such an in- 
dustry, could provoke pulmonary lesions. 


TECH NIQUE 

Dust was introduced into the lungs of the 
guinea pigs by the intratracheal route. This 
technique in our hands was performed with- 
out general anesthesia. Instead, a 5% solu- 
tion of procaine hydrochloride ( Novocaine ) 
was applied locally by swab to the mucous 
membranes of the animal’s throat. A nasal 
speculum, modified so that it might be used 
as a mouth gag, exposed the vocal cords to 
view. A special 20 gauge, 6 in. needle was 
passed between the cords and gently inserted 


Recorded for publication June 28, 1955. 
Research Associate, The Saranac Laboratory. 
* References 1 to 6. 
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down the trachea to its bifurcation. The 
suspended dust was then slowly injected into 
the lungs. The average weight of the animals 
used was approximately 600 gm. The dosage 
and the number of injections varied with the 
dust employed. The injections were usually 
administered in three equal doses at weekly 
intervals. The toxic reaction that was mani- 
fest between injections usually gave indica- 
tion as to the size of the dose that should be 
used. Certain disadvantages attended this 
method but did not outweigh the advantages. 
Dosages were, for instance, controlled to 
some degree and doubtless with greater pre- 
cision than would have been obtainable with 
inhalation techniques. However, there was in 
a few cases some loss of injected material 
through subsequent coughing. There was also 
in some instances a tendency to produce local- 
ized accumulation of dust, so that even dis- 
persion of the material was not accomplished 
as certainly as would have been expected had 
the substance been introduced by means of 
the inhalation technique. Some hazards also 
attended this technique. As no general anes- 
thesia was used, it was not always possible 
to control struggling movements of the ex- 
perimental animal. Rupture of the lung, with 
subsequent infection and even death, there- 
fore, sometimes ensued. Of one thing one was 
always certain, however, namely, that the 
dust was effectively introduced into the lungs 
by this method. 
RESULTS 


In the case of tantalum oxide, tungsten, 
cobaltic oxide, and a mixture of tungsten 
as a mouth gag, exposed the vocal cords to 
view. A special 20 gauge, 6 in. needle was 
going technique. Unless the product was sup- 
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EFFECTS OF RARE METALS ON ANIMAL LUNGS 


plied in a sufficiently fine state of subdivision, 
attempts were made to obtain 34 and under 
sizes by sedimentation in 95% alcohol. In 
some instances this did not prove possible, 
and the dusts were introduced as received. 
The dusts were suspended in isotonic saline 
in 10% suspension and sterilized by arnold- 
ization (100 C) for one hour. The dosage in 
each case was 150 mg. administered in three 
equal quantities at weekly intervals. 

Six guinea pigs were used in the study of 
each dust. An occasional animal died of inter- 


TABLE 1.—Pulmonary Effects of Tantalum Oxide 
Intratracheal Method 


Days 
Guinea After Died 
Pig, Last or Gross Pulmonary 
No. Injection Killed Reaction 
5 11 D Congestion and heavy white 


dust pigmentation 
1 30 K Few soft white cireum- 
seribed dust lesions 
Several large white soft 
areas of dust pigmenta- 
tion 
Large white circumscribed 
dust lesion, only slightly 
firm 
Large white soft circum- 
scribed dust lesion; inter- 
current pneumonitis 
4 360 K No dust reaction dis- 
cernible 


2 120 K 


current infection, and the remaining animals 
were killed at 1, 4, 8, and 12 months after the 
last injection. At autopsy (Tables 1 to 4) the 
lungs usually exhibited large circumscribed, 
soft to slightly firm, pigmented lesions. Oc- 
casional small discrete foci of pigmentation 
were widely distributed beneath the visceral 


TaBLe 2.—Pulmonary Effects of Tungsten 
Metal Dust 
Intratracheal Method 


Days 
Guinea After Died 


Pig, Last or Gross Pulmonary 
No. Injection Killed Reaction 
7 30 K Dark gray, slightly firm 
circumscribed foci of dust 
pigmentation 
8 120 K One large soft circum- 
scribed focus of dust 
reaction 
9 240 K No gross dust lesion pres- 
ent 
10 240 K No gross dust lesion pres- 
ent 
11 360 K Small area of puckering; 
no pigmentation 
12 360 K Small area of puckering; 


no pigmentation 


TABLE 3.—Pulmonary Effects of Cobaltic Oxide 
Intratracheal Method 


Days 
Guinea After Died 

Pig, Last or Gross Pulmonary 

No. Injection Killed Appearance 

31 30 K Large black diffuse firm 
areas of pigmentation 

35 62 D Pneumonitis with slightly 
firm, diffuse, or isolated 
dust areas 

32 120 K Slightly firm cireumseribed 
lesions 

33 240 K Slightly firm cireumscribed 
lesions with black pig- 
mentation 

34 360 K Few large cireumscribed 


and several small foei 
of dust pigmentation; 
all are soft 


pleura. No appreciable temporal change in the 
gross character of the lesions was noted in 
these successively killed animals. On the 
whole, therefore, these four dusts proved to 
be relatively benign in their biological effects 
on lung tissue. 

In the case of cobalt metal, all attempts to 
obtain a 3u and under product by sedimenta- 
tion in 95% alcohol failed. The dust was, 
therefore, used as received. The particle size 


TaBLeE 4.—Pulmonary Effects of Tungsten Carbide 
and Carbon 
Intratracheal Method—Tungsten Carbide: 
Carbon Ratio—94 : 6 


Days 
Guinea After Died 
Pig, Last or Gross Pulmonary 
No. Injeetion Killed Reaction 
19 30 K Moderately heavy black 
pigmentation of diffuse 
soft localized areas 
20 120 K Large areas of soft black 
pigmentation 
1 240 K Isolated diffuse areas of 
soft black pigmenta- 
tion 
9 360 K ] Diffuse areas of soft 
23 360 kK black dust pigmenta- 
24 360 K | tion 


range was as follows: particles 54 and under, 
95% ; particles 54 to 10u, 5%. A few granules 
measuring up to 30u were also present. The 
dust was gradually suspended in isotonic 
saline by means of a rubber policeman and 
diluted to 10% suspension. Sterilization was 
effected by arnoldization (100 C) for one 
hour. 

One dose of 50 mg. and another of 25 mg. 
were given, respectively, to each of two 
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TaBLE 5.—Pulmonary Effects of Cobalt Metal Dust 
Intratracheal Method 


Quantity 
Guinea of Dust Days After 
Pig, Injected, Injections, Last Died or Gross Pulmonary 
No. Mg. No. Injection Killed Reaction 
30 50 1 1 D Generally congested 
25 50 1 2 D Acute pneumonitis 
28 50 1 2 D Acute pneumonitis 
26 50 1 240 K No definite dust pigmentation 
27 50 1 360 K Few pleural adhesions; small 
firm circumscribed dust 
lesions 
29 50 1 360 K Obliterative pleuritis 
37 25 1 2 D 
25 1 2 D Acute pneumonitis 
1 2 D 
1 D One circumscribed black dust 
lesion 
K No dust reaction perceptible 
K Pleural adhesions; one moder- 


ately large circumscribed 
lesion and several small foci 
of dust pigmentation 


Acute pneumonitis 


| 


Acute and chronic pneumonitis 
No gross reaction 


series of six guinea pigs. Two doses of 5 mg. 
each were injected a week apart into a third 
series of six guinea pigs. 

All animals (Table 5) became acutely ill 
within 24 hours after injection regardless of 
dosage. Of the first series, which received the 
50 mg. dose, three died within 48 hours. Of 
the three survivors, one was killed eight 
months and the remaining two one year after 
the introduction of the cobalt. 

Of the second series, which had received 
the 25 mg. dose, three also died within 48 
hours; one died after 19 days. The two sur- 
vivors were killed, respectively, eight months 
and one year after the introduction of the 
cobalt dust. 

In the third series, which received two 
doses of 5 mg. each, all survived the initial 
dose, but after the second dose five animals 
died, between the 4th and 11th days. The 
lone survivor was killed at one year. All ani- 
mals dying within a few days after injection 
exhibited an acute pneumonitis, usually ex- 
tensive. Of the animals surviving this acute 
initial reaction, those killed at 8 and 12 
months presented gross evidence of having 
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passed through the initial phase, such as 
pleural adhesions and sometimes obliterative 
pleuritis. Black pleural dust pigmentation was 
often visible in the unobscured portion. 

The tungsten carbide and cobalt metal 
dust, which was present in a ratio of 91:9, 
was studied by means of both the intra- 
tracheal and the inhalation techniques. As 
received, the dust required very little prepara- 
tion to reduce it to a size of 3 and less. 
Sedimentation in 95% alcohol for five min- 
utes was sufficient. The identical intratracheal 
technique used in the preceding experiments 
was applied, but three equal doses were ad- 
ministered at weekly intervals, resulting in 
a total dosage of 150 mg. 

There were no intercurrent deaths (Table 
6), and the six guinea pigs were killed as 
planned at 1-, 4-, 8-, and 12-month intervals 
after the last injection. Macroscopically, the 
lungs exhibited well-circumscribed linear and 
diffuse patterns of black pigmentation. All 
lungs were normally soft, and no appreciable 
successive change in the character of the 
lesions was discernible by naked eye during 
the 12-month period under study. 
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EFFECTS OF RARE METALS ON ANIMAL LUNGS 


TABLE 6.—Pulmonary Effects of a Mixture of 
Tungsten Carbide and Cobalt Metal Dust 
Intratracheal Method—Tungsten Carbide: 

Cobalt Ratio—91 :9 


Guinea 
ig, Jas Gross Pulmonary 
No. Reaction 


Large soft circumscribed 
area of dust reaction 


Soft lesions of both linear 
and diffuse dust pig- 
mentation 


Many small soft foci of 
black pigmentation 


Soft foei of black pig- 
mentation 


For the inhalation experiment, the mixture 
used was quite different. On the basis of 
x-ray diffraction-line intensity, it was esti- 
mated that the material contained approxi- 
mately 75% tungsten carbide and 25% cobalt 
metal. The guinea pigs were exposed to the 
dust by inhalation in a small dust box, meas- 
uring 4 by 2 by 2 ft. This box was equipped 
with an atomizer for dispensing dust in a dry 


form. The concentrations were somewhat 


irregular. During the first 20 days of ex- 


posure, moderately high concentrations were 
maintained, i. e., 250,000,000 to 300,000,000 


particles per cubic foot of air, or approxi- 
mately 8,800 to 10,600 particles per cubic 
centimeter. The particles were 0.54 to 2.0u 
in size. During the second exposure, of 15 
days, the concentrations were appreciably re- 
duced, to approximately 80,000,000 particles 
per cubic foot of air, i. e., approximately 2,800 
particles per cubic centimeter. 

Twenty guinea pigs were exposed to this 
dust by inhalation eight hours daily for five 
and one-half days a week. After approxi- 
mately 20 days (Table 7), five of the animals 
had died, and dust exposure was discontinued 
on this 20th day. Three more animals died on 
the following two days. As the condition of 
the surviving 12 animals improved rapidly 
after cessation of the first dust exposure 
period, they were again exposed daily to the 
dust after five days in normal air but at ap- 
preciably lower concentrations. After 10 days 
of this second exposure, three more animals 
had died and a further two died on the 13th 
day. After 15 days, this second, the final, ex- 
posure was, therefore, terminated. Two ani- 
mals died, however, one day later. The re- 
maining four animals were killed as follows: 


TaBLe 7.—Pulmonary Effects of Tungsten Carbide and Cobalt Metal 
Inhalation Method—Tungsten Carbide: Cobalt Ratio—3:1 


Days in 
Normal Air 
After Ist 
Exposure 
Period 


Days 
of Ist 
Exposure 
Period 


18 
20 


Days 
of 2d 
Exposure 
Period 


Guinea 
Pig, 
No. 


Days in 
Normal Air 
After 2d 
Exposure 
Period 


Died or 
Killed 


D ) 


Gross Pulmonary 
Lesions 


Acute pneumonitis 


Acute pneumonitis 


Dust pigmentation and residual 
pneumonitis 


Acute pneumonitis and faint 
dust pigmentation 


Faint diffuse dust pigmentation 


Dust pigmentation; pericarditis; 
pleural effusion 


Hemorrhagic, firm, rubbery, faintly 
pigmented lesion 


Days 
17 360 K 
18 360 K 

3 D | 

5 20 D | 
10 20 D J 

16 20 D ) 

2 20 es D aye 

6 20 10 D 

9 20 10 K | 

15 20 13 D 

17 20 13 re D } 

5 12 20 5 15 1 D = 

1 20 5 15 181 K a 

14 20 5 15 181 K a 
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two at 181 days and two at 585 days after 
termination of the dust exposure. 

All the animals which had died from natu- 
ral causes showed acute pneumonitic pul- 
monary consolidation. Those guinea pigs 
which survived and were killed at 6 and 19 
months, respectively, showed faint diffuse 
dust pigmentation. 


COM MENT 


Judging by the mortality rates and the 
nature of the gross pulmonary reactions, it 
is evident from this study that tantalum 
oxide, particulate tungsten metal, cobaltic 
oxide, and tungsten carbide and carbon are 
relatively inert when introduced intratrache- 
ally into guinea pigs. Cobalt metal, on the 
other hand, proved intensely irritating to pul- 
monary tissue, and when cobalt was combined 
with tungsten carbide, the toxic property of 
the cobaltic component predominated. 


SUMMARY 


Experiments are described in which six 
metallic substances, to which personnel may 
be exposed in the cemented tungsten carbide 
industry, were introduced intratracheally in 
guinea pigs. 

Four of these components proved to be 
relatively inert (tantalum oxide, tungsten, 
tungsten carbide and carbon, cobaltic oxide). 
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Two of the components proved to be toxic 


(cobalt, tungsten carbide and cobalt). 


These experiments were conceived and planned 
by the late Leroy U. Gardner, M.D. G. W. H. 
Schepers, M.D., D.Sc., Director of The Saranac 
Laboratory, suggested the writing of this report 
and helped with its preparation. 
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Studies on Experimental Pulmonary Histopathology 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


The method followed in this study has 
been described by Delahant,' and the present 
account will be limited to a description of the 
microscopic changes associated with reten- 
tion of the 3 » and smaller tantalum oxide 
dust particles in the lung tissues of those 
guinea pigs which did not succumb to inter- 
current infection. Whether the death of the 
latter group of animals was related to the 
introduction of the foreign agent into the 
lung tissue could not be excluded with 
certainty, but the over-all benignity of the 
reaction rather suggests that the pneumonic 
infection was purely coincidental. 


ACUTE RESPONSE 

Within one month, the intratracheal intro- 
duction of the 10% suspension of tantalum 
oxide dust (100 mg.) produced focal reac- 
tions whose severity apparently was quan- 
titatively related to the topographic dispo- 
sition of the metallic oxide. An almost uni- 
versal minor tissue response was also dis- 
cernible. 

The least change observed comprised an 
acute to subacute bronchitis and bronchio- 
litis, manifesting itself primarily as epithelial 
proliferation and desquamation, mucosal hy- 
peremia, and a peribronchitis (Fig. 14). 
Pigment granules could be traced to the 
adventitial layers of the bronchi where plas- 
ma cell reaction to these granules was pres- 
ent at some sites. 


In the lung parenchyma, the minimal reac- 
tion was found to consist of alveolar epi- 
thelial proliferation, with macrophage ca- 
tarrh. Some of these cells were 


seen to 


Recorded for publication June 28, 1955. 
Director, The Saranac Laboratory. 


of 


have engulfed the metallic particles, but most 
of the dust lay free in the alveoli. There was 
a tendency toward subpleural or cortical 
localization of the pigment and of the cellular 
reaction (Fig. 1B). 

A minimal degree of vesicular atrophic 
emphysema and perivascular deposits of 
dust-filled macrophages occurred (Fig. 1C). 
The blood vessels generally were found to 
be markedly distended, and the alveolar 
capillaries were engorged. The lymphatic 
system seemed to escape almost entirely, but 
more generally there was some central pig- 


ment deposition and hyperemia in the hilar 
nodes. 


From this type of minor response, reac- 
tions varied through all nuances of severity 
to a marked type of peripigmental interstitial 
cellular pneumonitis, with associated sanguin- 


eous alveolar exudate in some areas. Copi- 
ous pigment collections were found trapped 
among the proliferated cells, which consisted 
for the greater part of endothelioid and 
plasma cells. Over relatively large areas 
the alveolar walls were therefore markedly 
thickened (Fig. 1D). 

In isolated areas, the concentration of 
pigment was exceedingly dense, and there 
was some attempt at encapsulation and or- 
ganization of such deposits. Only in sites 
such as these was any collagen found. 

These were the changes which were to 
be seen within a month after direct exposure 


of pulmonary tissue to the metallic oxide. 


RESIDUAL LESIONS 


A year later the whole picture had 
changed, and there was almost complete re- 
covery of the acute process, though residual 
sequelae persisted. At some sites some very 
minimal cellular reaction persisted, mostly 
in relation to the residual presence of macro- 
phages containing phagocytosed metallic 


particles. The main cell types were plasma 
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Fig. 1—Pulmonary reaction to tantalum oxide—guinea pig lung: one month. A, bronchitis 
with epithelial desquamation and peribronchial cellular accumulations. B, subpleural pigmentation 
and interstitial pneumonitis. C, perivascular cellular accumulation and pigmentation. D, inter- 
stitial pneumonitis around trapped pigment in atelectatic alveoli. 


cells, eosinophiles, and proliferated alveolar 
epithelial cells. No fibrocytes were seen. 

Isolated small pleural plaques were dis- 
covered (Fig. 24). These comprised focal 
accumulations of proliferated mesothelial 
cells with centrally trapped metallic particles. 

The bronchi and bronchioles appeared to 
have undergone almost complete healing, but 
there was slight hyperplasia of the epithe- 
lium, even though the ciliated surface had 
been restored (Fig. 2B). 

Perhaps in consequence of earlier sustained 
bronchial or bronchiolar damage, foci of 
hypertrophic emphysema were found (Fig. 
2C), a feature which was superimposed upon 
the atrophic emphysema already apparent 
within a month. 

Most of the pigment had been removed 
from the lung tissue by the end of the first 
year, and some of it could be found in the 
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lymph nodes. No reaction was discernible 
around it (Fig. 2D). 


COMMENT 


The pulmonary reaction to tantalum oxide 
dust introduced as a 10% suspension was 
found to be essentially benign, involving 
transient bronchitis, interstitial pneumonitis, 
and associated hyperemia. Residual sequelae 
of any consequence comprised focal hyper- 
trophic emphysema and organizing pneu- 
monitis around excessive metallic deposits. 

The fact that there was so little residual 
effect after a year does not yet warrant 
classification of this dust as innocuous. It 
should be emphasized that the result of re- 
peated introduction of the substance by in- 
halation may well prove to be considerably 
more pathogenic than would at first seem 
probable on the basis of the lack of a 
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OXIDE 


Fig. 2—Pulmonary reaction to tantalum oxide—guinea pig lung: one year. A, epipleural 
fibrocellular plaque around collection of pigment. B, bronchial mucosa showing minimal residual 
submucosal and adventitial cellular infiltration and minimal basal cell epithelial hyperplasia. 
C, focal hypertrophic emphysema due to overdistention of alveolar ducts. D, pigment accumula- 
tion in the cortex of a hilar lymph node without any significant cytological response around it. 


chronic fibrotic response. The minor bron- 
chial epithelial hyperplasia deserves further 
attention, and the occurrence of hypertrophic 
focal emphysema may be significant, as such 
a result is not commonly found in association 
with experimental pulmonary dust lesions. 

The literature on the subject of tantalum 
as a nocuous agent is refreshingly silent, 
perhaps because the metallic dust is truly 
inert but more probably because human ex- 
posures have been very limited. Indirect 
reference is made to tantalum by Miller, 
Davis, Goldman, and Wyatt? and by 
berg.* Certainly, it seems likely that in 
industries where tantalum oxide may be 
encountered as an atmospheric pollutant 
there will still be for some time to come other 
associated environmental hazards of more 
material consequence. 


SUMMARY 


Tantalum oxide when introduced into the 
guinea pig lung by the intratracheal technique 
produces transient bronchitis, interstitial 
pneumonitis, and hyperemia with residual 
focal hypertrophic emphysema and organ- 
izing pneumonitis around metallic deposits. 
The dust is nonfibrogenic. 
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Biological of Cobaltic Oyide 


Studies on Experimental Pulmonary Histopathology 
G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N.Y. 


As described by Delahant,? the cobaltic 
oxide dust was introduced in three weekly 
doses of 50 mg. as a 10% solution. Observa- 
tions were made at 1-, 4-, 8-, and 12-month 
intervals after the last injection. 


ACUTE REACTION 

The effective introduction of this metallic 
oxide into the guinea pig lung provokes 
within a month a subacute peribronchial 
cellular proliferation and focal pneumonitis 
which is confined to the area of pigment 
deposition. Occasional bronchioles show 
epithelial damage, but for the most part 
_ the only change consists of mucosal plasma 
cell and eosinophile infiltration. 

The parenchymal foci of reaction vary in 
character in accordance with the amount 
of dust deposited. In some areas, the cellular 
reaction is disproportionate to the amount 
of dust present (Fig. 14). In others, the 
cobaltic oxide particles are massed together. 
At such sites (Fig. 1B), by far the greater 
proportion of these oxide particles are as 
yet extracellular. Rarely an alveolar mac- 
rophage may be observed to be in the process 
of engulfing such granules, and many parti- 
cles are clearly lodged within the thickened 
alveolar walls. The dominant cell types ap- 
pear to be plasma cells and macrophages 
with occasional eosinophiles. The alveolar 
walls are relatively broadened near the focal 
dust deposits but are quite normal elsewhere. 
Conspicuous perivascular cellular cuffs sur- 
round the smaller arterioles. 


The pulmonary lymphoid tissue has under- 
gone regional hyperplasia, with the extension 
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of columns of lymphocytes into the abutting 
alveolar walls. Eosinophile cells may be 
intermixed with these lymphocytes. The hilar 
nodes show diffuse hyperplasia but only 
scanty pigmentation. 


CHRONIC RESPONSE 

Twelve months after the introduction of 
the cobaltic oxide into the lung, the forego- 
ing changes have been largely reversed. 
Oxide particles may still be aggregated to- 
gether into focal intra-alveolar accumula- 
tions, but now they are entirely contained 
within clusters of large koniophores (Fig. 
2A). There is now but insignificant residual 
tissue reaction to the presence of these foreign 
substances and no eosinophilia. Nonpig- 
mented macrophages are scarce, and there 
are no giant multinucleated cells. At isolated 
sites, typical clusters of hyperinflated alveoli 
occur. This type of hypertrophic emphysema 
appears to be the only significant residual 
lesion provoked by the cobaltic oxide. The 
bronchial epithelium and mucosa are restored 
to almost complete normality, but slight 
adventitial cellular accumulations persist 
(Fig. 2B). 

The lymphoid tissue, though still abundant, 
has reverted once more to circumscribed 
spherical nodes. The hilar nodes show abund- 
ant central pigment accumulations but no 
fibrosis or endothelial hyperplasia. 


COM MENT 


The essential point established by this 
study is that cobalt has an effect on animal 
tissue when introduced into lung tissue as 
a metal totally different from its effect when 
introduced as an oxide. Harding * has em- 
phasized the relatively toxic effect of cobalt 
metal when introduced into animal lungs 
and has recorded symptoms and x-ray signs 
in men industrially exposed to cobalt pow- 
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BIOLOGICAL ACTION OF COBALTIC OXIDE 


Fig. 1—Reaction of pulmonary tissue to cobaltic oxide—guinea pig lung: one-month result. 
A, focus of alveolar wall cellular proliferation and macrophage catarrh, with minimal pigment 
deposition. B, maximal focal pigment aggregation, with incipient phagocytosis and parenchymal 
reaction. 


Fig. 2—Reaction of pulmonary tissue to cobaltic oxide—guinea pig lung: one-year result. 
A, residual focal metallic retention in pulmonary alveoli, without any associated alveolar wall 
reaction. B, bronchial wall, showing mild persistent epithelial hyperplasia and adventitial round- 
cell infiltration. 
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der. He has referred to the fact that, while 
cobalt has a low solubility in isotonic saline, 
its solubility in plasma is 500 times greater. 
Fairhall, Castberg, Carrozzo, and Brinton * 
and Fairhall, Keenan, and Brinton‘ have 
been unable to confirm the marked toxicity 
of either cobalt metal or the oxide, although 
they acknowledge the occurrence of upper 
respiratory tract symptoms in persons ex- 
posed to these substances. It is possible that 
cobalt metal may prove the more toxic sub- 
stance because of the cobaltous ions which 
may be released when it comes into contact 
with body fluids, whereas cobaltic oxide is 
likely after introduction into the body to 
lead to the formation of hydroxyl groups. 

This subject needs further study in view 
of the increasing use of cobalt as an indus- 
trial bonding agent and with particular ref- 
erence to the Schneeberg problem in connec- 
tion with which Weber,® among others, has 
incriminated cobalt as a possibly significant 
factor in the high incidence of lung cancer. 
No evidence in favor of the latter theory 
has been produced by the present study on 
cobaltic oxide. 


SUMMARY 


Intratracheal introduction of 150 mg. of 
cobaltic oxide produces a focal and peri- 
bronchial, transient, subacute, inflammatory 
reaction which becomes virtually completely 
reversed within one year. On this evidence, 
cobaltic oxide may be classified as a doubt- 
fully toxic respiratory hazard. 
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Studies on Experimental Pulmonary Histopathology 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


The primary purposes of this study were 
to confirm the acute toxicity of particulate 
cobalt metal and to determine what chronic 
lesions ensued in animals which survived 
the intratracheal introduction of the dust. 
The latter objective was partially interfered 
with because of the high initial mortality rate 
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described by Delahant.' However, sufficient 
animals survived the total experiment to 
warrant some observations on the acute as 
well as the subacute and chronic reactions. 
For descriptive purpose, a distinction will 
be drawn between the reactions to the 50 
mg., 25 mg., and 10 mg. doses. 


RESPONSE TO 50 MG. DOSE OF 


COBALT METAL 


PARTICULATE 


The immediate response of the guinea pig 
lung to the intratracheal injection of 50 mg. 
of cobalt metal particles is the appearance of 
marked pulmonary edema, with moderate 
alveolar wall hyperemia (Fig. 14). Very 


Fig. 1—Acute pulmonary tissue reaction to 50 mg. dose of particulate cobalt metal—guinea 
pig: 24 hours. A, hemorrhagic pulmonary edema and capillary hyperemia. B, hilar lymph node 
showing some hyperemia and edema. 
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little of the foreign substance is to be 
seen in the pulmonary parenchyma, and most 
of it is to be found in the 
bronchioles surrounded by 
fibrin. The air passages show epithelial 
desquamation. Hyperemia and edema also 
affect the hilar lymph nodes (Fig. 1B). 

The dominant feature of the residual sub- 
acute response after eight months is a 
perivascular diffuse cellular infiltration with 
marked prominence of eosinophile cells (Fig. 
2A), which make their appearance in large 
numbers within the pulmonary alveoli, in 
close proximity to veins. Some measure of 
alveolar wall and perivascular infiltration is 
present, and isolated foci of subpleural eosino- 
phile granuloma formation may be found 
(Fig. 2B). Regional obliterative bronchio- 
litis, with peribronchiolar fibrosis, and arteri- 
olar spasm are present as alarming features 
(Figs. 2C and D). Small eosinophile granu- 
lomata may also be seen. 


bronchi and 


cells and serum 


At 12 months the chronic residua have 
taken a quite new form. In relation to the 
sites of cobalt metal deposition, there now 
are areas of quite considerable fibrocellular 
infiltration. Where these lie in juxtaposition 
to bronchi, there may be regions of marked 
cystic dilatation of epithelialized alveolar 
spaces, and these foci amount to an adeno- 
matosis (Fig. 34). Isolated clusters of multi- 
nucleated giant cells may occur in relation to 
massed pigment deposits (Fig. 3B). The 
bronchial epithelium has partly recovered 
and is hyperplastic, but foci of chronic in- 
flammatory infiltration of the mucosa may 
persist (Fig. 3C). No active pneumonitic 
areas were found at this stage, but there are 
foci of abundant koniophore infiltration of 
alveolar walls. 

The lymphatic tissue shows no sign of 
reaction comparable with that in the lung. 
The hyperemia of the hilar lymph nodes 
previously noted has receded, and there is 
now slight diffuse central fibrosis (Fig. 3D). 
RESPONSE TO 25 MG. DOSE OF 

COBALT METAL 

Halving the concentration of the cobalt 
appears to have some influence in reducing 
the degree of pulmonary edema which ensues 
128 


PARTICULATE 


A. M. A. 


ARCHIVES OF INDUSTRIAL HEALTH 
as an acute reaction; the edema does not 
occur in the same degree or so uniformly as 
with the 50 mg. dose (Fig. 44). There is 
also less hyperemia. Macrophages commence 
to appear in the alveolar spaces and gather 
up some of the metal particles. Many such 
cells develop conspicuous vacuoles. Eosino- 
phile cells already tend to make their appear- 
ance at this stage. 

Simultaneously, there is considerable bron- 
chial and bronchiolar catarrh, with extensive 
areas of epithelial desquamation (Fig. 4 B). 
Foci of hypertrophic emphysema may also 
be present. There is plasma cell infiltration 
of the bronchial submucosa at such sites and 
some local hyperemia. 


Eight months later, healing has proceeded 
further than was the case with the 50 mg. 
cobalt metal dose and a comparable lapse of 
time. The residual disturbances comprise a 
measure of proliferation of the lymphoid 
tissue, especially around smaller blood ves- 
sels, but with little tendency to extension of 
the reaction into the adjacent alveolar walls. 
There is also quite considerable eosinophile 
infiltration, but no tendency to giant cell 
formation. The bronchial mucosa and epi- 
thelium have been fairly successfully and 
universally restored to normality and may 
be somewhat hypertrophic at some points. 
Lymph nodes show slight central endothelioid 
hyperplasia. 


RESPONSE TO 10 MG. DOSE OF PARTICULATE 
COBALT METAL 


When the cobalt is introduced in two suc- 
cessive doses of 5 mg. each, the acute reaction 
of the pulmonary tissue is considerably less 
violent. Once more, however, the immediate 
response is an edema which is, however, less 
diffusely distributed and tends to predomi- 
nate in the peribronchiolar regions. There 
is markedly less of the tendency to diffuse 
alveolar wall hyperemia seen with higher 
concentrations. 

Within four days much of the exudate has 
commenced to disappear, and the alveoli are 
now overrun by multiple dust-laden macro- 
phages, with occasional multinucleated giant 
cells among them (Fig. 54). At isolated 
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Fig. 4—Acute pulmonary tissue reaction to 25 mg. dose of particulate 
pig: 48 hours. 4, hemorrhagic edema and focal hypertrophic emphysema. B, bronchiolitis with 
epithelial desquamation. 


cobalt metal—guinea 


hig. 5.—Acute pulmonary tissue reaction to 10 mg. dose of particulate cobalt metal—guinea 
pig: four days. A, macrophages mopping up residue of the exudate of the acute reactive phase. 
B, cellular focus with persisting exudate and incipient organization. 
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Fig. 6—Chronic pulmonary tissue reaction to 10 mg. dose of particulate cobalt metal—guinea 
pig: 12 months. A, persisting masses of metallic particles within alveoli without significant tissue 
reaction around them. B, perivascular cellular cuff and atrophic emphysema. 


foci the lymph nodes have proliferated, and 
polymorphonuclear cells invade the alveoli. 
Numerous distended capillary loops may 
occur within these inflammatory foci (Fig. 
5B). The bronchial mucosa does not show 
any significant signs of injury. 

The regional lymph nodes present a meas- 
ure of hyperemia and lymphoid hyperplasia. 

The lesions initially provoked by the 10 
mg. dose of cobalt metal are no longer demon- 
strable in the guinea pig lung by the end of 
12 months. At many sites masses of cobalt 
particles may be found within the alveolar 
spaces without any obvious tissue reaction in 
relation to them (Fig. 64). At 


points some residual focal cellular aggrega- 


isolated 


tion persists, and in some of these areas 
occasional multinucleated giant cells may be 
found. Some perivascular cellular aggrega- 
tions may be seen, and a tendency toward 
diffuse alveolar membrane fibrosis is present. 
At various regions some atrophic vesicular 
emphysema may be observed (Fig. 6B). 
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Around larger blood vessels there may be 
considerable fibrotic change. The bronchial 
mucosa is restored to normality or may be a 
little hypertrophic. The pulmonary lymphoid 
tissue is once more undisturbed, though per- 
haps a little more abundant than usual. 


COMMENT 


The chemical pneumonitis which occurs in 
response to the introduction of particulate 
cobalt metal into the lung tissue of the guinea 
pig is clearly shown by this brief study to be 
a function of dosage and possibly due to the 
release of cobaltous ions. The untoward re- 
action to the second intratracheal injection 
of 5 mg. of cobalt metal particles in animals 
which had survived a first dose of 5 mg. may 
have to be explained on an allergic basis, 
which is perhaps likely in view of the known 
propensity of cobalt to cause cutaneous sensi- 
tization and conjunctivitis (Fairhall and 
associates *). 

The high predominance of eosinophile cells 
in the subacute lesion perhaps signifies a di- 


BIOLOGICAL ACTION OF PARTICULATE 
rect chemotropism. The lack of an alveolar 
wall cellular reaction constitutes a further 
distinctive feature. The metal is nonfibro- 
genic and does not provoke a chronic lesion 


in the regional lymph nodes. 

Tolerance to the presence of the cobalt 
metal appears to develop in animals surviving 
the least dose. This may reflect either a state 
of biological balance or may be due to stabili- 
zation of the physicochemical behavior of the 
metal particles after prolonged residence in 
body fluids. Possibly this cobalt has changed 
to cobalt oxide, which has already been 
shown to be inert as a pulmonary irritant 
(Schepers *). 

Of all the chronic responses, the incipient 
adenoma formation appears to be the most 
spectacular, particularly if it is recalled that 
cobalt metal is an integral component of the 
atmospheric substances inhaled by the miners 
at Schneeberg, long well known as a center 
of occupational lung cancer production. How- 
ever, there is already much epidemiological 
doubt concerning the role of cobalt in occu- 
pational pulmonary carcinogenesis, as high 
neoplasm rates have not been reported from 
other sites where cobalt is mined, such as 


Canada (Cobalt City), Belgian Congo 
(Katanga), Norway (Skuterud), France 


(Allemont ), or Czechoslovakia (Dobschina). 

Powdered cobalt metal has in recent years 
been extensively employed as a bonding ma- 
terial in the manufacture of hard cutting tools, 
and respiratory symptoms and abnormal 
radiograms have been reported among men 
exposed to such powder. Harding * has previ- 
ously experimentally demonstrated the acute 
irritant action and hyperemia provoked by 
cobalt metal powder when introduced as a 
5% suspension into the rat and hamster lung 
or peritoneum. The marked damage to capil- 
laries has been ascribed to the great solubility 
of the cobalt metal in plasma, which is 500 
times higher than its solubility in saline. 
Cobalt, along with tungsten and titanium, has 


COBALT METAL 

recently been incriminated as a cause of fatal 
interstitial fibrosis 
worker.® 


in a Swedish metal 
It is possible, too, that cobalt may have a 
tissue-specific effect for the lung. It is known, 
for instance, that it is not orally unduly toxic, 
and its beneficial influence on erythropoiesis 
has been proved in numerous experiments, 
has been applied in the therapy of human 
anemia, and has been suspected as a cause of 
polycythemia vera in some instances. The 
outpouring of eosinophile cells may in a small 
measure reflect this capacity of cobalt to 
cause proliferation of the hematon system. 


SUMMARY 


Particulate cobalt metal is an acutely irri- 
tating substance when introduced into guinea 
pig lungs in 50 mg. and in 25 mg. doses. 

A single 5 mg. dose is not lethal, but 
repetition of such a dose proves to be so. 

Tolerance to cobalt metal may develop 
after the initial acute reaction has been over- 
come. 


The greatest damage caused by the cobalt 
metal is the obliterative bronchiolitis. 


A single instance of bronchial adenomatosis 
resulted from prolonged focal retention of 
cobalt metal particles. 
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Studies on Experimental Pulmonary Histopathology 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N.Y. 


Tungsten carbide has already received 
considerable attention as a causative agent 
of the respiratory symptoms in workers in 
the cemented tungsten carbide tool industry.* 
A measure of animal experimentation has 
also been conducted on the final product.7 
It does not appear, however, that either the 
tungsten metal itself or the tungsten mixed 
with carbon prior to the high-frequency 
vacuum furnace treatment in an atmosphere 
of hydrogen, which is needed to produce the 
carbide, has been studied for its biological 
action on animal lung tissue, though some 
information exists concerning the pulmonary 
lesions attributable to tungsten ores, such as 
wolframite and scheelite.° This account, am- 
plifying the observation by Delahant,® may, 
therefore, serve partially to fill in this 
scientific hiatus. 


ACUTE REACTION TO PARTICULATE TUNGSTEN 


The essential and immediate lesion pro- 
voked in the lung through the intratracheal 
introduction of 150 mg. of tungsten dust 
in three equal doses consists of an interstitial 
cellular proliferation in relation to entrapped 
particles. At most sites the alveolar walls 
are moderately thickened, but at isolated 
foci an almost solid cellular mass may result. 


Recorded for publication June 28, 1955. 
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The latter are more usually found near the 
lung surface (Fig. 14). Where this type of 
cortical response is most marked, adjacent 
alveoli are often charged with fine metallic 
particles; hence it may be presumed that 
there is a quantitative relation between the 
regional concentration of particles and the 
severity of the pneumonitis. 

Between these foci of more marked reac- 
tion, the lung parenchyma does not show too 
severe a response, but there is a considerable 
amount of macrophage catarrh into the 
alveoli. Numerous foci of perivascular cellu- 
lar reaction may also be found (Fig. 1B). 

The bronchi and bronchioles show some 
slight inflammatory change consisting chiefly 
of mucosal hyperemia. Some bronchioles 
may also be partly or wholly obliterated 
through encroachment of adjacent inflamma- 
tory processes. 

Lymphoid tissue shows no response to 
the presence of the tungsten in the lungs, 
nor do the hilar nodes harbor any micro- 
scopically visible quantities of the particles. 

CHRONIC RESPONSE TO PARTICULATE 
TUNGSTEN 

After the passage of a whole year, one 
finds that this relatively innocuous seeming 
lesion has not vanished completely, as was 
the case with 10% tantalum oxide.? Some 
unfavorable residua, such as persistent focal 
interstitial cellular infiltration in relation to 
retained pigment, may persist. In addition, 
there is now a minor degree of atrophic 
vesicular emphysema. At many points resid- 
ual bronchial catarrh may be seen, though 
most of the bronchi and bronchioles have 
recovered (Fig. 24). Material degrees of 
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Fig. 1—Acute pulmonary reaction to tungsten—guinea pig lung: one-month result. A, inter- 
stitial cellular reaction most marked around focally massed tungsten particles. B, perivascular 
cellular accumulation quite disproportionate to the amount of trapped tungsten. 


Fig. 2—Chronic pulmonary reaction to tungsten—guinea pig lung: one-year result. A, oblit- 
erative bronchiolitis, with catarrhal changes and disorganization of muscularis. B, perivascular 
and peribronchial fibrocellular reaction in relation to trapped tungsten particles. 


{ a, 4 J 


| 
| 
135 


A. M. 


peribronchial and periarterial fibrocellular 
reaction and endarteritis obliterans, with 
pigment located within the proliferated 
intimal layers (Fig. 2B), are certainly the 
least inviting features of this terminal re- 
sponse. 


COMMENT 

As none of the guinea pigs died as a 
result of the introduction of the tungsten 
dust, the be classified 
relatively benign. Its toxicity level compares 


substance may as 
with cobaltic oxide in this respect, but is 
in sharp contrast to that of cobalt metal.* 
The industrial significance of this finding 
might then be that exposures to the dust 
raised in pulverizing tungsten in the process 
of making tungsten carbide would be rela- 
tively safe, though not wholly free from 
risk. On the other hand, the exposures which 
might be incurred in handling cobalt metal 
fines, in the process of bonding tungsten 
carbide to steel, are likely to be nocuous. 

Once more it should be cautioned that 
one may not too freely extrapolate observa- 
tions such as these on the guinea pig to 
human problems. At most it has perhaps 
been shown in this type of pilot or range- 
finding study that, while tungsten dust is 
not wholly inert, it is relatively so. 


SUMMARY 


1. The acute reaction to particulate tung- 
sten when introduced into guinea pig lungs 
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involves the production of focal interstitial 
pneumonitis and bronchiolitis. 

2. While recovery is almost complete after 
a year, peribronchial, peribronchiolar, and 
perivascular reactions, with 
bronchiolitis obliterans and atrophic emphy- 


sema, may persist focally. 


fibrocellular 
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Studies on Experimental Pulmonary Histopathology 
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\Vhile tungsten metal has been shown to 
have a limited range of biological effects on 
guinea pigs,' the carbide has been incrimi- 
nated as a minor respiratory hazard for 
man,” occasionally provoking metal dust 
pneumonitis. Experiments on the rat have, 
however, failed to produce either necrotizing 
or fibrotic pulmonary lesions.* It is possible 
that the may their 
origin to the cobalt which is usually pres- 


industrial cases owe 
ent in industries involving the welding of 
tungsten carbide alloys to steel. 

As Delahant * showed, none of the guinea 
pigs receiving three successive doses of 50 
mg. of tungsten carbide and carbon in a 
ratio of 94: 6 died. The histological features 
of their lungs are in conformity with this 
finding. 

The immediate response is a diffuse hyper- 
emia with bronchial catarrh. By the end of 
the first month much of the tungsten carbide 
has been taken up by macrophages, many 
of which are multinucleated. Most of these 
cells still lie within the alveoli, but others 
have penetrated into the alveolar walls 
(Fig. 14). There is not the same facility in 
reaching the perivascular lymphatics seen 
in the case of tantalum and cobaltic oxide,* 
but some dust particles are aggregating about 
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smaller vascular components. Minor areas 
of interstitial pneumonitis may be found. 

The lymphoid tissue appears to be con- 
siderably disturbed through the introduction 
of the tungsten carbide and carbon. There 
is marked lymphocytic hyperplasia, with 
infiltration of alveolar walls adjacent to the 
lymph foci. Some hyperemia also occurs in 
these areas (Fig. 1B). This lymphatic reac- 
tion continues for many months aiter the 
acute reaction has subsided. 

After 12 months there may be isolated foci 
of confluent interstitial pneumonitis in rela- 
tion to trapped dust masses. Most of the 
retained tungsten carbide occurs, however, 
as massed granules within relatively atrophic 
alveoli (Fig. 24). Many such masses are 
partially or wholly phagocytosed by multi- 
nucleated giant cells. 

Occasional subpleural granulomata may be 
found in which a minor degree of fibrocyte 
formation participates (Fig. 2B). 

There is no persistent bronchiolitis or 
peribronchial and perivascular fibrosis, and 
the over-all impression is that the tungsten 
carbide and carbon mixture is less harmful 
to lung tissue than is the tungsten metal. 


SUMMARY 


The acute response to the intratracheal 
introduction of tungsten carbide and carbon 
is confined to hyperemia and bronchial ca- 
tarrh, minor interstitial pneumonitis, and 
lymphoid hyperplasia. 

The chronic residua include trapped dust 
masses and subpleural fibrocellular gran- 
ulomata. 
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Fig. 1.—Acute reaction to tungsten carbide and carbon—guinea pig lung: one-month result. 
A, aggregates of particles lying within alveolar spaces or partly incorporated into alveolar walls. 
B, lymphoid hyperplasia, with invasion of alveolar walls adjacent to nodes. 


Fig. 2—Chronic pulmonary residua associated with the introduction of tungsten carbide and 
carbon—guinea pig lung: one-year result. A, focal accumulation of dust masses, most of which 


are contained in giant cells. B, subpleural fibrocellular granuloma. 
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Studies on Experimental Pulmonary Histopathology 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


As has already been explained,’ this ex- 
perimental investigation of the effect of par- 
ticulate tungsten carbide and cobalt metal 
on the guinea pig lung tissue comprises two 
phases, viz., an intratracheal study of tung- 
sten carbide and cobalt in the ratio of 91:9 
and an inhalation study of the effects of these 
substances in a ratio of 75:25. In the former 
study, a known quantity of 150 mg. of the 
foreign materials was introduced into each 
experimental animal. In the case of the 3: 1 
mixture, the tungsten carbide and. cobalt 
dust was inhaled for a total of 35 days, with 
a rest period after 20 days, followed by re- 
duction of the dust cloud to about a third of 
its earlier concentration for the balance of 
the period. Unfortunately, there was a high 
mortality among the animals so that a study 
of the histological results was partly inter- 
fered with. Sufficient data are available, 
however, to present a reasonably clear pic- 
ture of the biological effects of these sub- 
stances. 

INTRATRACHEAL STUDY 
TUNGSTEN CARBIDE AND CoBALT IN 10:1 Ratio 

The predominating immediate effect on the 
lung of 150 mg. of a 10:1 mixture of tung- 
sten carbide and cobalt is to provoke areas 
of dense fibrosis wherever massive deposits 
may be established. More generally there 
is cellular alveolar wall infiltration to the ex- 
tent of producing almost confluent pneu- 
monitic areas. Some macrophage catarrh, 
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with scanty particle ingestion, also occurs at 
this stage. Generally there are but one or 
two particles per koniophore. The perivas- 
cular areas become infiltrated 
lymphocytes, which surround particulate 
aggregations (Fig. 14). Yet there is no 
tendency toward involvement of the hilar 
lymphatics within a month from the time of 
intratracheal injection. 


also with 


The bronchial epithelium and mucosa tend 
to escape any material damage except where 
massive accumulations of dust may be de- 
posited. In such areas there is a tendency to- 
ward the development of bronchial crypts 
(Fig. 1B). The pigment tends to be incor- 
porated in the bronchial mucosa, and a fairly 
firm fibrous reaction results around it. The 
epithelium overlying the deposit seems to be 
of the normal kind. 

Where the dust has gained access to the 
pleura, a dense fibrocellular 
ensue. 


reaction may 
Twelve months later focal accumulations 
of massed particles may still persist in the 
alveolar spaces and interstitial planes. Slight 
cellular and mild fibrous reaction around 
these deposits may be found, frequently with 
abundant eosinophilia. There may also be 
residual patches of pneumonitis (Fig. 1C). 

Many of the bronchi show peribronchial 
fibrosis, and at isolated points there is some 
papillary hypertrophy of the bronchial mu- 
cosa. Arteries likewise reveal a tendency to- 
ward residual periarterial fibrosis (Fig. 1/)). 

At this stage a minimal amount of the 
particulate matter has been transferred to the 
hilar lymph nodes, where it is deposited in 
the subcapsular or perilymphatic zones rather 
than in the nodes themselves. 
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Fig. 1—Pulmonary tissue reaction to injected tungsten carbide and cobalt—guinea pigs: 
intratracheal injection: 150 mg. dose in a ratio of 91:9. A, generalized alveolar wall thickening 
focally exaggerated with perivascular cellular infiltrate (reaction after one month). B, focal 
accumulation of metallic particles with surrounding fibrosis and bronchial mucosal crypt forma- 
tion and hypertrophy (reaction after one month). C, localized deposit of metallic particles with 
associated cicatrization (reaction after one year). /), paravascular metallic deposit with peri- 
vascular fibrosis (reaction after one year). 
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While the above tissue reaction basically 
resembles that already established for tung- 
sten carbide,? the tendency toward peri- 
vascular focalization of the reaction and also 
the stimulating impetus imparted to the bron- 
chial epithelium may be attributes of the 
cobaltic component of the introduced dust.® 
The explanation for the fibrotic response is 
not immediately apparent. 


INHALATION STUDY 
TUNGSTEN CARBIDE AND CoBALT IN 75:25 Ratio 
The of this 3:1 mixture of 
tungsten carbide and cobalt metal in high 
concentration rapidly provokes a diffuse in- 
flammatory reaction but, except for small 
areas, no true pneumonia. At the end of 
three weeks the lung tissue presents a hemor- 
rhagic appearance, both from dilatation of 
alveolar wall capillaries and through escape 
of erythrocytes into the alveolar spaces at 
many points. Plasma cells, lymphocytes, and 
polymorphonuclear leucocytes may be found 
in most alveoli, and a fair number of macro- 
phages, the majority containing some in- 
gested particles, are present. At numerous 
points the alveolar walls are lined by prom- 
inent septal cells. Neither the bronchi 
(bronchioles) nor the larger blood vessels 
show any significant deviation (Fig. 2A). 


inhalation 


On withdrawal of the animals from this 
obviously intolerable dust environment at 
the end of three weeks and restoring them to 
fresh air for several weeks, a considerable 
degree of recovery from the acute alarming 
phase of the reaction occurs. At isolated areas 
some hyperemia may yet be observed at the 
end of six weeks, but at most sites the capil- 
lary hyperemia has receded almost entirely, 
and many of the alveolar walls are intcr- 
rupted so that a mild degree of atrophic 
vesicular emphysema is present. The inflam- 
matory reaction is now limited to a mild al- 
veolar wall cellular infiltration, consisting 
primarily of polymorphonuclear leucocytes 
with occasional macrophages. The alveolar 
septal cells are also prominent, but there is 
very little liberation of alveolar phagocytes, 
though occasional cells 


pus are present. 


Around the smaller arterioles and venules, 
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these cellular infiltrations are more con- 
spicuous. Dust particles are abundantly pres- 
ent in the alveolar walls but are always in- 
tracellular in their disposition, lying within 
the pulmonary macrophages (Fig. 2P). 

Considerable quantities of the foreign ma- 
terial are obviously being transported from 
the lung to the hilar lymph nodes, for at 
six weeks a well-defined cortical zone of epi- 
thelioid reaction has become established in 
the latter. It would seem that the prolifera- 
tion of these reticuloendothelial cells is a 
specific reaction to the presence of the dual 
substance, as neither the tungsten carbide nor 
the cobalt itself provokes this effect sep- 
arately (Fig. 2C). 

On reinstituting dust inhalation for 15 
days, but now at a much reduced concentra- 
tion, a diffuse hyperemia and alveolar edema 
once more result. On leaving the guinea 
pigs in normal air for six months hereafter, 
an entirely different type of result may be 
observed. Multiple foci of peribronchial and 
peribronchiolar parenchymal reaction and 
an unusual and exuberant type of metaplastic 
bronchial epithelial hyperplasia, with villous 
papilloma formation, constitute the main fea- 
tures of the condition at this stage and com- 
mence as early as six weeks after cessation 
of the exposure (Fig. 21). 

The peribronchiolar reaction consists partly 
of an interstitial cellular infiltration, many of 
the component cells being eosinophiles. The 
alveolar septal cells tend to be prominently 
developed, and several may be seen to be 
undergoing transformation into macrophages. 
Within the alveoli may be found aggregates 
of particle-laden macrophages, some poly- 
morphonuclear leucocytes, plasma cells, and 
numerous eosinophile cells. Occasional multi- 
nucleated giant cells are to be seen. The 
alveolar capillaries are not conspicuous ( Fig. 
3A). 

The bronchioles show quite a broad zone 
of plasma cell infiltration of their adventitiae, 
with occasional pus cells and eosinophiles. 
The most spectacular change in the bron- 
chioles, however, concerns the epithelium, 
which is heaped up at numerous points into 
papillomata consisting of many layers of 
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Fig. 2.—Acute reaction to inhaled tungsten carbide and cobalt—guinea pigs: inhalation 
experiment. 4, hemorrhagic pulmonary reaction and alveolar wall hyperemia (reaction at 
three weeks). B, focal parenchymal reaction, dominantly intra-alveolar macrophage formation 
(reaction at six weeks). C, cortical endothelioid proliferation ef the hilar lymph node (reaction 
at six weeks). D, villous mucosal proliferation of a bronchus, with incipient epithelial metaplasia 
(reaction at three months). 
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Fig. 3.—Chronic reaction to inhaled tungsten carbide and cobalt—guinea pigs: inhalation 
experiment. 4, focal degenerative bronchiolitis with peribronchiolar semigranulomatous inflam- 
matory reaction (reaction at six months). £B, incipient bronchial epithelial proliferation (reac- 
tion at six months). C, epithelial hyperplasia and superficial ulceration in the trachea (reaction 


after 21 months). /), limited residual peribronchial fibrocellular reaction (reaction after 21 
months). 
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large nucleated epithelial cells containing 
a minimum of cytoplasm (Fig. 3B). Occa- 
sionally such papillomata contain a fibrous 
stroma which tends to be infiltrated by plas- 
ma cells and eosinophiles. The lumina of 
some of the bronchi and respiratory bron- 
chioles are almost completely occluded by 
these proliferating epithelial cells and papil- 
lae, so that regional focal emphysema may 
ensue distally to these partial obstructions. 

At several foci in the lung there are also 
small confluent endothelial granulomatous 
formations with central pus accumulations. 

The lymph nodes within the lung are not 
materially affected by the tungsten carbide 
and cobalt except that there may be some 
measure infiltration. The 
hilar lymph nodes continue to show cortical 
endothelioid hyperplasia. The larger blood 
vessels are unaffected except for some ad- 
ventitial cellular infiltrations. 


of eosinophile 


After elapse of another 15 months, i. e., 
a total of 21 months from the onset of the 
experiment, the residual effects of the brief 
exposure to the tungsten carbide and cobalt 
metal may be assessed. 

In the trachea and bronchi, the epithelial 
hyperplasia and metaplasia still persist and 
show extensive superficial ulceration, with 
cellular desquamation, so that the markedly 
thickened basement membrane may even be 
denuded (Fig. 3C). The major bronchi and 
bronchioles have largely recovered and are 
universally patent, with very little desqua- 
mated material in their lumina. Some peri- 
bronchial fibrosis is, however, apparent ( Fig. 
3D). 

The parenchymal cellular deposits no 
longer are present. Isolated alveolar walls 
may still show residual infiltration or thicken- 
ing. Rarely, fibrocellular foci may be found, 
with marked interstitial cellular proliferation. 
In yet other such foci, macrophages and 
giant multinucleated cells predominate. Along 
the lung periphery there are multiple areas 
of vesicular emphysema, and interalveolar 
septa are interrupted at numerous points. 

The hilar nodes show persisting foci of 
endothelioid hyperplasia which may be cen- 
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trally located or disposed along the cortex 
and contain a little pigment at their periph- 
ery. The intrapulmonary lymph nodes have 
returned to normality. 


COM MENT 


The purpose in combining the tungsten 
carbide and cobalt in the ratios given in 
the foregoing accounts was to mimic for 
experimental purposes the circumstances in 
which industrial employees may on occasion 
be exposed to these substances while pre- 
paring mixtures for the purpose of making 
alloys. 

If the sequence of events described for the 
guinea pig bear any relation to the manner in 
which human lung tissue may be expected to 
react, it would seem that great caution 
should be exercised so that the metal fines 
are not handled in such a way as to create 
an atmospheric contamination of any severity. 

As was shown, the reaction to the dust 
mixture is appreciably less violent where the 
cobalt component is of the order of 9%. 
On the other hand, the more pronounced 
tissue response, and particularly the prolif- 
erative and metaplastic epithelial changes, 
may reflect a sensitizing propensity for which 
cobalt is already well known,‘ though it had 
not previously been shown that cobalt acted 
in like manner on the lung tissues. It may 
be recalled,’ however, that whereas a 5 mg. 
dose of cobalt metal appears to have no acute 
toxic effect on guinea pigs when introduced 
intratracheally, repetition of this procedure 
killed the majority of animals, and the prob- 
ability that this is a sensitization phenomenon 
has already been suggested.* 

The proliferation and metaplasia of the 
epithelium of the respiratory passages are 
reactions of potentially ominous portent. 
While a great range of occupational environ- 
mental dust exposures may lead to bronchitis, 
bronchiolitis, and asthma,® the underlying 
tissue reaction is usually of a chronic sub- 
mucosal inflammatory nature without epi- 
thelial hyperplasia. Cobalt and tungsten car- 
bide mixed with cobalt apparently constitute 
an exception to this rule, though chronic 
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experimental exposure of animals to Diesel 
exhaust soot and to Schneeberg rock drill 
dust * has previously been shown to provoke 
epithelial hyperplasia. It is possible that in 
the case of the latter the cobalt in the mine 
ore is the factor in stimulating the growth 
of the epithelium. While the information 
now furnished is insufficient to warrant more 
than speculation about the possibilities of 
this effect of the cobalt on respiratory epi- 
thelium, the growing toll of lung cancer 
justifies further exhaustive study of this 
phenomenon. 
SUMMARY 


The intratracheal introduction of 150 mg. 
of tungsten carbide and cobalt in a 10:1 
ratio produces a transient inflammatory reac- 
tion, with residual papillary hypertrophy of 
bronchial mucosa and peribronchial and peri- 
arterial fibrosis in the vicinity of retained 
particulate matter. 
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The response of lung tissue to the inhala- 
tion of tungsten carbide and cobalt in a ratio 
of 3: 1 provokes an acute inflammatory reac- 
tion which is later replaced by focal pneu- 
monitis and residual bronchial epithelial 
hyperplasia and metaplasia. 
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of South Abrica 


A Rationale for Its Enactment 


G. W. H. SCHEPERS, M.D., D.Sc., Saranac Lake, N. Y. 


The enactment of the pulmonary disability 
legislation of the Union of South Africa fol- 
lowed the report of two recent Governor 
General's Commissions pertaining, respec- 
tively, to the occurrence of diseases attrib- 
utable to the nature of employment in and 
about mines ' and to the functioning of the 
Silicosis Medical Bureau.* At the same time 
it represents the culmination of a protracted 
struggle for greater health protection of the 
personnel not only of the gold mines but also 
of all other types of mines in which respira- 
tory hazards have been known to exist but 
which did not appear to be taken care of by 
the existing silicosis legislation. The histori- 
cal background for this Amendment of the 
Silicosis Act has been sketched in the pre- 
ceding paper concerning the progress which 
has been made in the conquest of the occupa- 
The 


legislation * was introduced during 1952 as 


tional chest diseases at these mines.* 


an Amendment of the existing Silicosis Act.° 


DEFINITION OF PULMONARY DISABILITY 


The main point about this legislative in- 
novation is the legal definition which was 
introduced and which reads as follows (Act 
63 of 1952, Paragraph 2, Subsection [3]): 

“Pulmonary disability” means an impairment of 


the cardio-respiratory functions of a person which, 
in the opinion of the Bureau— 


Recorded for publication April 7, 1955. 
Director, The Saranac Laboratory. 


P, ulmonary Disability cLegislation 


(A) has substantially and permanently diminished 
the capacity for manual work of the person 
in question; and 

(B) resulted from the performance, by the per- 
son in question, of work in a dusty occu- 
pation ; 

but does not include silicosis or tuberculosis; and 
for the purposes of this Act a person shall be 
deemed to be, or to have been suffering— 

(i) from pulmonary disability in the first stage, 
when the Bureau has found him to be, or to 
have been, suffering from pulmonary dis- 
ability which, in the opinion of the Bureau, 
does not, or did not, incapacitate him from 
performing moderate manual work, but does 
or did incapacitate him permanently from 
performing manual work more strenuous 
than moderate manual work; 

(ii) from pulmonary disability in the second 
stage, when the Bureau has found him to be, 
or to have been, suffering from pulmonary 
disability which, in the opinion of the Bu- 
reau, permanently incapacitates or inca- 

pacitated him from performing manual work 
more strenuous than light manual work. 


As this new legal definition excludes both 
tuberculosis and silicosis, its full significance 
can be made clear only after the legal defini- 
tions for these concepts have also been 
quoted. They are as follows ( Act 47 of 1946, 
Chapter 1, Section 1, Subsection [1] ): 

“Silicosis” means any form of pneumoconiosis 
due to the inhalation of mineral dust; and for the 
purposes of this Act a person shall be déemed to 
be or to have been suffering— 

(A) from silicosis in the first stage (which cor- 
responds with the ante-primary stage under 
the 1925 Act) when the Bureau has found 
that the earliest specific signs of silicosis, 
detected by any means whatsoever, are or 
were present in the lungs of the person in 
question, irrespective of whether his capac- 
ity for work has or has not been impaired 
by the said disease; or 

(B) from silicosis in the second stage (which 
corresponds with the primary stage under 
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the 1925 Act) when the Bureau has found 
that moderately marked specific signs of 
silicosis are or were present in the lungs of 
the person in question and that the said 
disease has not incapacitated him from per- 
forming moderate manual work; or 

(C) from silicosis in the third stage (which cor- 
responds with the secondary stage under the 
1925 Act) when the Bureau has found that 
marked specific signs of silicosis are or were 
present in the lungs of the person in ques- 
tion and that the said disease has incapaci- 
tated him from performing moderate manual 
work. 


Apart from the initial absurdity of equat- 
ing the specific disease “silicosis” with the 
generic term “pneumoconiosis” (which, 
though repugnant to the medical profession, 
the lawyers, however, found a satisfactory 
type of legalistic figment to employ), this 
definition appears straightforward enough 
until its full implications are more critically 
analyzed. Probably it will be immediately 
evident that by equating “silicosis” with 
“pneumoconiosis” no true legal definition has 
yet been created, as “pneumoconiosis” is not 
itself defined. 

The tuberculosis definition similarly ap- 
pears superficially satisfactory, reading as 
follows (Act 47 of 1946, Chapter 1, Section 
1, Subsection [1]): 


ee 


Tuberculosis’ means tuberculosis of the respira- 
tory organs and a person shall, for the purposes of 
this Act, be deemed to be suffering from tubercu- 
losis— 

(A) if the Bureau has found the said person’s 

sputum to contain tubercle bacilli; or 

(B) if the Bureau has found the said person to 

be suffering from ‘closed’ tuberculosis which 
seriously impaired his working capacity. 

To the discerning mind this definition is 
equally full of loopholes. Taking both defini- 
tions on good faith, however, one may as- 
sume that the South African laws intended 
silicosis or tuberculosis to be certified present 
when detectable and had now added a new 
entity, namely, pulmonary disability, to be 
likewise recognized if it existed. 

It will be apparent that second-stage pul- 
monary disability is equated to third-stage 
silicosis in respect to the degree of severity 
148 
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of the functional incapacitation used as its 
differentiating criterion. The financial bene- 
fits and legal restrictions which accrue in re- 
spect to each of these conditions have there- 
fore been equated through the Act. Tuber- 
culosis is treated on a different basis. 

Second-stage silicosis is likewise broadly 
equated to first-stage pulmonary disability. 
However, there is an important difference 
here in that, while first-stage pulmonary dis- 
ability necessarily presupposes partial in- 
capacitation, second-stage silicosis does not 
and may be certified on radiological criteria 
only. The South African law emphasized 
this difference further by providing that 
when second-stage silicosis and first-stage 
pulmonary disability are present simulta- 
neously the person shall be deemed to be in 
a stage equivalent to third-stage silicosis. 
Again, when pulmonary disability in the first 
stage is found in association with silicosis in 
the first stage, the law provides additional 
cash financial benefits for the affected per- 
son, in principle again presuming that he 
suffers from two separate diseases. Pul- 
monary disability in the first stage found in 
association with tuberculosis is equated to 
third-stage silicosis for purposes of financial 
benefits. 

Though the definition specified that pul- 
monary disability could be legally certifiable 
by the Bureau only, the law got around this 
by providing for the appointment of special 
committees whose decisions would be deemed 
to be findings of the Bureau itself (Section 
15, Subsection [1], Paragraph [A]). The 
Minister of Mines accordingly by special 
proclamation created such a Pulmonary Dis- 
ability Committee and defined its powers and 
mechanism of functioning.® 

The exclusion of silicosis and tuberculosis 
from the definition of pulmonary disability 
is the first issue to which attention should be 
addressed, as this makes for an intentional 
fundamental legal distinction. The first in- 
terpretation which needs to be considered 
may be that the law intended to distinguish 
between “silicosis in the third stage,” “closed 
tuberculosis,” and “pulmonary disability in 
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the second stage,” in all three of which a 
serious degree of incapacitation for work is 
a prerequisite to diagnosis. This may have 
been a device of the legal draftsmen to ob- 
viate certification of more than one compens- 
able disease on the basis of the same set of 
diagnostic criteria. However, the phrase ex- 
cluding silicosis and tuberculosis from the 
pulmonary disability definition is introduced 
before its two stages are defined, so that one 
must presume that first-stage pulmonary dis- 
ability must also exclude both tuberculosis 
and silicosis. The legal experts made a fine 
point by explaining that what was intended 
was that silicosis, tuberculosis, and pulmo- 
nary disability are to be regarded as three 
distinct medicolegal diseases, each capable 
of causing incapacitation in its own peculiar 
way. 

The clue to further understanding of this 
subtle distinction resides in the introduction 
into the pulmonary disability definition of 
the words ‘tan impairment of the cardio-re- 
spiratory functions.” Silicosis and tubercu- 
losis are thus regarded as morphological dis- 
eases, and it is to be presumed that any dis- 
ablement which they are capable of provok- 
ing would be due to direct effects, sequelae, 
or complications of the anatomical lesions 
caused by the inhaled dust or tubercle bacilli. 
Pulmonary disability, on the contrary, is to 
be viewed, in terms of this distinction, 
as physiological deviation not neces- 
sarily associated with the specific type 
of structural tissue reaction generally 
associated with the concept, pneumoconiosis 
or silicosis. The extremes of contrast 
envisioned may be illustrated by com- 
paring the incapacitation which may result 
from massive pulmonary fibrosis (suchas 
may, for example, occur in advanced silicosis, 
tuberculosilicosis, asbestosis, or anthracosis ) 
with the disability which may be more subtly 
yet irreversibly engendered by factors such 
as bronchitis with bronchospasm, alveolar 
membrane thickening or impairment, degen- 
erative changes affecting the lung reticulum 
and elastic system, emphysema, capillary or 
arteriolar occlusion, vascular short circuits 
with reduced perfusion of aerated pulmonary 


segments, or any of the many physiological 
combinations which may be found in indis- 
posed miners and which ultimately lead to 
anoxemia and cor pulmonale. The whole 
group of functional effects thus produced 
would now be classifiable as pulmonary dis- 
ability. It is doubtful whether such a hetero- 
geneous selection of effects could be included 
in a definition of silicosis, having regard to 
the fact that there is fair agreement that this 
is a nodular disease of the lungs. Nor would 
the concept pneumoconiosis readily embrace 
all these conditions, as it is generally assumed 
to have at least an element of pulmonary fi- 
brosis to it. It is also well known that there 
is no predictable or necessary correlation be- 
tween the degrees of morphological changes 
associated with the pneumoconioses and the 
degree of disability which may be found in 
the affected person. This may be because 
a multiplicity of factors differentially col- 
laborate in producing these separate effects. 
Thus it is possible for a miner’s x-ray film 
to reveal advanced macronodular silicotic in- 
filtration or extensive tuberculosilicotic con- 
solidation without any associated subjective 
disability or material incapacitation for physi- 
cal exertion. On the other hand, a working 
colleague from the same mine, with a much 
shorter industrial history and the merest scin- 
tilla of micronodular dust reaction, may rap- 
idly become a respiratory cripple and may 
die at an early age from cor pulmonale. It 
had not previously been possible under South 
African laws to admit more than first-stage 
silicosis in the latter type of case, and the 
Pulmonary Disability Amendment was in- 
tended to bridge this gap. 

Attention must be drawn to the fact that 
the definition of pulmonary disability differs 
from that of silicosis (pneumoconiosis) in a 
further significant way, namely, with regard 
to the etiological issue. Silicosis, or, for that 
matter, any pneumoconiosis, can be conceived 
of only as a disease arising from the effective 
occupation of the lungs by mineral dust, and 
in the absence of a specific type of tissue re- 
action to such dust, there can be no question 
of silicosis or pneumoconiosis. Pulmonary 


disability, on the contrary, is defined as a 
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cardiorespiratory functional impairment re- 
sulting from the performance of work in a 
dusty occupation. It may, therefore, be due 
to the inhalation of mineral dust, as is sili- 
cosis (pneumoconiosis), or it need not be 
due to such mineral dust. A chest condition 
arising from nonmineral dust encountered 
during mining operations (e. g., bacteria, 
fungal spores, rotting timber, chemical fumes, 
smokes, and gases) can in no circumstance 
But 
such conditions became certifiable as pulmo- 
nary disability in terms of the new South 
African legislation. 


be called silicosis or pneumoconiosis. 


Pulmonary disability, furthermore, need 
not, in terms of this definition, arise as a 
result of the inhalation of dust, even though 
reference is made to dusty occupations. The 
stress is on the words “performance of work.” 
Injurious environmental conditions which 
are inseparable from mining, such as exces- 
sive humidity, temperature fluctuations, re- 
current infections, exposure to fumes, gases, 
or smokes, overwork, and radioactivity, may 
all in theory collaborate in provoking the 
syndrome of pulmonary disability in a person 
performing physical labor in such adverse 
circumstances. In this case then pulmonary 
disability rates as the generic concept, and 
the disability resulting from silicosis (pneu- 
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moconiosis) or tuberculosis may also be in- 
terpreted as a specific manifestation limited 
to reaction to dust deposition in the lungs, 
had these two conditions not been specifically 
excluded by the wording of the pulmonary 
disability definition. Indeed, had there been 
no silicosis definition in the third stage or a 
definition of closed tuberculosis, the pulmo- 
nary disability definition would have ade- 
quately taken care of all the cases which are 
now classified under such headings. 

STATISTICAL RELATIONSHIPS BETWEEN 
PULMONARY DISABILITY AND INCAPACITY 

RESULTING FROM SILICOSIS AND 
TUBERCULOSIS 

Since the promulgation of the Pulmonary 
Disability Amendment, approximately 1000 
white miners alone have been certified to be 
suffering from this condition. In about one- 
third of these cases, the pulmonary disability 
was found as an isolated phenomenon, i. e., 
Of these 
cases, more than two-thirds were instances 
of disability in the first stage and the balance 
were in the second stage. In the remainder, 


without silicosis or tuberculosis. 


pulmonary disability was found in association 
with silicosis or tuberculosis. In Table 1 the 
relative prevalence cf these conditions for the 


period 1953-1954 is presented. It will be im- 


Taste 1.—Prevalence of Pulmonary Disability in Relation to Silicosis and Tuberculosis 
South African Gold Mines 


White Miners—Period 1953-1954 


Stage 2 

Plus Plus Plus Plus Plus Plus Plus Plus 

Silicosis Silicosis _ Silicosis Tuber- Silicosis Silicosis _ Silicosis Tuber- 

Alone Stage 1 Stage 2 Stage 3 culosis Alone Stage 1 Stage 2 Stage 3 culosis 

265 145 80 4 4 103 64 37 1 15 
496 210 
TABLE 2.—Prevalence of Occupational Chest Diseases 
South African Gold Mines 
Period 1953-1954 
Pulmonary 
Disability Tuberculosis 
Source Alone Silicosis culosis Stage 1 Stage2 Stage3 Alone _ Silicosis Total 
White miners, approxi- 368 326 9 1,053 763 400 43 62 3,024 
mately 35,000 
Negro laborers, approxi- 80 12 18 1,378 302 3 1,096 879 3,768 
mately 300,000 
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PULMONARY DISABILITY 
mediately apparent that the prevalence of 
pulmonary disability proper is inversely pro- 
portional to the severity of the associated 
silicosis or the presence of tuberculosis. 

To gain a clearer understanding of the 
relative incidence of pulmonary disability 
in relation to the other occupational chest 
diseases, recourse must be had to the data 
assembled in Table 2. For the white men 
the figures under each category are self- 
explanatory. The infrequency with which 
pulmonary disability, as a legal syndrome, 
is found in association with tuberculosis may 
be particularly emphasized, and it is also to 
be noted that it is much more prevalent than 
tuberculosis itself. The very high total fig- 
ures for this period are also artificial and 
explained elsewhere.’ Silicosis tuber- 
culosis may have to be scaled down to about 
one-third or one-quarter of the cases men- 
tioned here in order to obtain the probable 
yearly rate of production of new cases, the 
present excessive series representing an ac- 
cumulation of delayed certification which are 
being dealt with. However, this period is 
deliberately selected for purposes of com- 
parison, because the pulmonary disability 
cases are also derived from a_ retroactive 
backlog of five years which the law took 
cognizance of. As the cases reflected in the 
Table represent the totals discovered among 
a little more than one-third of the applicants, 
it may be possible that the annual rates of 
development of the condition will stabilize 
at about half of the present figures. Perhaps 
it will be even lower, as many of the disabled 
men had suffered from their complaints for 
5 to 15 years. If later, when the backlog 
has been eliminated, the condition is likely to 
be certified promptly, as it develops, it may 
be that the annual production rate will de- 
crease to perhaps an even smaller fraction. 

The numbers of cases found among Negro 
laborers is surprisingly low, having regard 
to the large numbers of new cases of silicosis 
and tuberculosis which were found among 
them during the same period. There may 
be relatively simple explanations for this. 
The fact that so many cases of silicosis and 
tuberculosis were found in the Negro labor- 
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ers itself militated against the certification 
of a separate condition of pulmonary dis- 
ability, as, in the case of Negroes, full finan- 
cial benefits accrue to men on first certifica- 
tion of silicosis or tuberculosilicosis or when 
tuberculosis is found after completion of an 
aggregate of eight years of service. No legal 
purpose could therefore be served in exam- 
ining such men for pulmonary disability, and 
they were therefore not sent for assessment 
of their incapacitation. The Negroes who 
have left the mines rarely return for subse- 
quent reassessment of their condition, as 
there is no proper legal provision for routine 
examinations of this type and they are mostly 
too ignorant to know how to set about lodg- 
ing an application. A Negro who already has 
some symptoms of disease is not likely to be 
persuaded by a recruiting agent to return 
to the mines. The statute of limitation in the 
case of current miners, moreover, is one 
year, and in many instances where some 
form of application is lodged either by the 
Negro or on his behalf this is done too late. 
It is probable that the condition of pulmo- 
nary disability is quite prevalent among the 
Negroes already acknowledged to be suffer- 
ing from silicosis or tuberculosis, but it is 
to be doubted that it is likely to occur in as 
great proportions as among the white miners. 
It must be realized, however, that the ma- 
jority of Negro laborers are relatively young 
men who spend a comparatively short time 
in the mines only. In comparable circum- 
stances there need be no reason for any dif- 
ference in pulmonary disability rates in the 
two races, unless the more highly developed 
pulmonary lymphatic system of the Negro 
is likely to influence the underlying patho- 
logical process unduly. 

The probable statistical relationship be- 
tween pulmonary disability and silicotic in- 
capacitation is graphically represented in 
Figure 1. In this diagram the serial annual 
certifications of second- and third-stage sili- 
cotics among living white miners has been 
plotted for the period 1916 to 1954. In con- 
structing these slightly idealized trend 
curves, the recent high rate of certification 
has been ignored for the reason that many 
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of the cases belatedly certified as third- or 
second-stage silicotics were sufficiently dis- 
abled to merit certification but did not qualify 
radiologically in respect of the standards em- 
ployed by the Bureau in previous years. 
They have been included in the group desig- 
nated as pulmonary disability with silicosis. 

The curves for pulmonary disability and 
silicosis plus pulmonary disability, respec- 
tively, are imaginary but are reconstructed 
from the excess of cases of third- and second- 
stage silicosis combined with the 1000 cases 
which have already been found among about 
2000 of approximately 6000 pulmonary dis- 
ability applicants, representing the cumula- 
tive cases for a five-year retroactive period. 
In addition, use is made of personal intensive 
experience with these men dating back to 
1944. Pulmonary disability dissociated from 
the amount of silicotic nodulation was preva- 
lent even then and may therefore be pre- 
sumed to have arisen at even earlier periods 
as well, though it went unrecognized. 
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The main point brought out by this anal- 
ysis is that, while the annual production 
rates of the third and second stages of radio- 
logical silicosis decreased at a decelerated 
rate during the past 40 years, the rate of 
production of pulmonary disability increased 
progressively and in two phases of progres- 
sive dissociation between the presence of 
radiological silicosis and the degree of de- 
monstrable disability. 

During this protracted period, four funda- 
mental changes occurred among miners on 
the Witwatersrand, namely, they survived 
longer, worked longer, developed less tuber- 
culosis and radiological silicosis, and 
breathed a diluted, moistened, and perhaps 
altered dust under steadily changing subter- 
ranean environmental conditions of heat, hu- 
midity, ventilation, barometric pressures, etc. 
In addition, the men were now a highly se- 
lected group, mainly of indigenous South 
African stock. Which of these many factors 


stands out as a probable correlate and cause 
of the disability ? 

Altered service periods may be considered 
first. To probe this possibility, 155 cases of 
first-stage pulmonary disability not asso- 
ciated with tuberculosis or silicosis were 
analyzed and compared with the patterns 
characteristic of the latter two diseases. An 
additional 90 cases of first-stage radiological 
silicosis combined with legal first-stage pul- 
monary disability are likewise included ( Fig. 
2). It will be immediately apparent that the 
four conditions manifest themselves at dif- 
ferent service periods. Tuberculosis pre- 
dominates in the earliest phase of dust ex- 
posure, and the majority of cases occur be- 
fore the 14th year of service in dusty occu- 
pations. Silicosis, on the contrary, except 
for a minor group of exceptionally suscepti- 
ble persons, manifests itself much later, and 
for the 1939-1948 group the modal peak 
appears after the 21st year of service only. 
Silicosis is therefore shown to be dominantly 


PRODUCTION RATES PERCENT 


PULMONARY DISABILITY LEGISLATION 


a function of duration of dust exposure. 
There are equally large numbers of miners 
who show undue susceptibility or manifest 
abnormal resistance to the disease. 
Pulmonary disability is shown to behave 
in two distinct patterns according as it is 
associated with radiological signs of silicosis 
or occurs independently of such x-ray signs. 
The latter group appears early, and those 
with associated silicosis have a delayed onset, 
although in one extreme example silicosis 
and pulmonary disability were'already pres- 
ent in a young miner after only one year 
eight months of underground employment. 
Rather suggestively, the group with asso- 
ciated silicosis represents cases in which the 
silicosis manifested itself first and the dis- 
ability later, although, as we are dealing here 
with an accumulation of cases from many 
years previously, it is possible that these men 
did also develop their disability first and the 
nodules were superimposed at a later stage. 
The fact, moreover, that in the first group 
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of pulmonary disability sufferers there is not 
yet any evidence of nodular silicosis does 
not preclude the subsequent development of 
such nodules. It will be noted that the large 
majority of these men had become function- 
ally incapacitated before the 18th year of 
their service in dusty occupations, i. e., be- 
fore the modal peak for silicosis manifests 
itself. 

An analysis of the ages of the men certified 
as suffering from pulmonary disability im- 
mediately disposes of any theory that the 
cause of the disablement may reside in the 
longer survival of the men, so that in large 
measure disability is merely a manifestation 
of an aging process in the lung tissues and 
pulmonary blood vessels of the dust-exposed 
‘ worker (Fig. 3). The dispersion of the 
various ages of a group of 155 disability suf- 
ferers who had no associated radiographic 
silicosis was plotted against the average ages 
of silicotics, tuberculotics, and tuberculosili- 
cotics certified successfully in the years 1916 
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to 1952. It is immediately apparent that the 
majority of silicotics are almost a decade 
older than the sufferers from pulmonary 
disability. Tuberculosilicotics are likewise 
much older. Only the tuberculotics are, on 
an average, younger than those who have 
been classified as suffering from pulmonary 
disability. It is seen also that the curves for 
silicosis and tuberculosilicosis intersect the 
current modal peak for pulmonary dis- 
ability at years 1931 and 1938, respectively. 
This may explain the relative scarcity prior 
to those times of pulmonary disability before 
either silicosis or tuberculosilicosis mani- 
fested themselves in the affected individuals. 


THE NATURE OF PULMONARY DISABILITY 


The dominant symptoms associated with 
pulmonary disability in the gold miners of 
the Witwatersrand comprise chronic, in- 
creasingly productive cough, progressive 
exertional dyspnea, transthoracic pain and 
constrictive sensations, minor hemoptyses, 
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predisposition to chest colds, chronic fatigue, 
malaise and weakness, joint pains, and de- 
pendent edema. In the severer grades, there 
may be nocturnal asthmatic episodes, and 
orthopnea. 

Physical signs tend to emphasize poor 
respiratory excursions, the thorax tending 
to assume a rigid semi-inflated shape, how- 
ever, with some atrophy of the upper portion. 
Breath sounds assume a harsh truncated 
character or may be distant and frequently 
accompanied by marginal crepitations and 
rhonchi. Areas of poor air entry and de- 
creased vocal resonance may be found. Slight 
cyanosis and finger clubbing or curved nails 
are rather common. While the vital capacity 
is not necessarily reduced, the maximal 
breathing capacity frequently is. Total lung 
volume is not always increased, but the 
residual air may be considerably increased. 
Exercise tolerance is generally poor, with 
both exaggerated signs of objective dyspnea 
and tachycardia. 

Electrocardiography tends to show all 
grades of right auricular and right ventricular 
enlargement and eventually stress, with right 
partial bundle branch block in a high pro- 
portion of cases. 

Radiographically the main features (where 
there is no associated silicosis ) include areas 
of increased radiotranslucency, alternating 
with regionally increased linear markings. 
Bronchography may display regional atten- 
uation or widespread bronchial and bronchi- 
olar cylindrical distention. Glandular crypts 
are often present. The smaller blood vessels 
tend to be narrowed and distorted, and in 
many areas their ramifications become mark- 
edly diminished. The central pulmonary arte- 
rial trunks are often prominently distended, 
being often double the normal diameter. This 
distention may reach aneurysmal proportions 
and affect the primary and secondary tiers 
of branches. The azygos veins are often 
prominently distended. The heart shadow is 
not often significantly enlarged, except in 
the later stages of the disease, but the right 
outflow track and right ventricle may be 
shown to be distended, and electrokymogra- 
phy reveals markedly increased pulsational 
amplitude in those fields. 
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Laboratory findings are in the main nega- 
tive except for progressive polycythemia, the 
packed cell volume often serving as a good 
index of the gravity of the case, those cases 
with readings in excess of 65% often proving 
rapidly fatal. Allergies were remarkable for 
their absence. 

The commonest clinical syndromes inferred 
from this array of findings have been chronic 
bronchitis, with or without associated bron- 
chiolitis, bronchiectasis or bronchiolectasia, 
and bronchospasm. Next in order of signifi- 
cance appeared to be emphysema, with some 
associated diffuse fibrosis, although the latter 
feature was not too strongly emphasized as 
a clinical diagnosis. The most important 
finding was, of course, cor pulmonale, with 
or without failure. The most remarkable 
feature about this cor pulmonale was the 
degree to which it could advance before 
terminal failure and the virtual irreversi- 
bility of the latter once it has reached a cer- 
tain critical degree. 


UNDERLYING PATHOLOGICAL CHANGES 
IN PULMONARY DISABILITY 


Much of the -underlying pathological 
changes in pulmonary disability remain a 
mystery. It had been assumed many years 
ago in South Africa that the detailed pathol- 
ogy of silicosis, tuberculosilicosis, and pul- 
monary tuberculosis of gold miners had been 
adequately elucidated through the researches 
of McCrae,’ Watkins-Pitchford and Moir,$ 
Mavrogordato,* Simson and _ Strachan," 
and Simson, Strachan, and Irvine’ and 
that no more need be added to the sub- 
ject. It was generally accepted that quartz 
particles less than 3p in size are the causative 
agent with tuberculosis acting as a powerful 
adjuvant ; that silicosis is a nodular or mas- 
sive fibrotic process; that the disease can 
readily be diagnosed in life by means of good 
radiograms and after death by macroscopic 
examination of the lungs; that it causes 
disability by virtue of fibrosis, emphysema, 
and bronchitis, and that up to 75% of 
silicotics die of tuberculosis and the balance 
either of cor pulmonale, intercurrent infec- 


* References 9 and 10. 
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tions, or some unrelated cause. The Bureau 
had codified all these points and had not 
anticipated the growing quota of “atypical” 
cases or the introduction of legislation to 
provide for functional impairments rather 
than morphological deviations. Histological 
and experimental research was resumed only 
after the Allen Commission,’ had indicated 
its intention to recommend appropriate legis- 
lation. Indeed, the whole report favoring the 
existence of such a condition as a pulmonary 
disability (other than that secondary to sili- 
cosis) was concluded in spite of the very 
negative evidence submitted by 
officials. 

That the lungs of affected sufferers show 
extensive chronic bronchitis (with or with- 
out bronchiolar stenosis, distortion, or dis- 
tention), emphysema (mainly vesicular but 
also some perifocal alveolar duct and respir- 
atory bronchiole distention), alveolar wall 
damage and thickening, and small blood 
vessel occlusion or narrowing has since been 
adequately demonstrated. In many of these 
cases there are also microscopic. silicotic 
nodules which would not be demonstrable 
by naked eye inspection of the cut surface 
of the lung or palpation of the tissues. 

These lesions are by no means new phe- 
nomena among the gold miners of the Wit- 
watersrand. They had previously been re- 
ported by Mavrogordato, and 
Strachan in connection with silicosis and tu- 
berculosilicosis. Irvine had summed up the 
clinical syndrome of silicosis as being ushered 
in by a preceding “dust bronchitis,” and Stra- 
chan had expressed the view that emphyse- 


Bureau 


Simson, 


ma, and not the pulmonary fibrosis, is the 
cause of cor pulmonale in silicotics. 

Mavrogordato, Simson, and Strachan had 
all viewed the dust involvement of peribron- 
chiolar and perivascular lymphatics as a 
transient phenomenon preceding the over- 
flow of dust into the lymphoid tissue aggre- 
gated throughout the lung tissue, in the 
pleura, and at the pulmonary hila. It had 
been tacitly assumed that this overflow 
phenomenon was the important event in the 
miner, as it led to the ultimate development 
of the silicotic nodule. What had not been 
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envisioned was that, through some as yet 
inexplicable modifications in the histopatho- 
logical process, the focus of emphasis of the 
reaction would shift from the lymph node 
to the peribronchiolar and perivascular loci. 
Whereas destruction of the lymph deposits 
merely implied dealing with them as nature 
intended that they should be done by, inter- 
ference with the patency or expansibility 
and the peristaltic or pulsatile activities of 
the respiratory and vascular systems of the 
lungs at their strategically most vulnerable 
sectors is something not conducive to con- 
tinued good health of the affected miner. 
The essential change is 
Figure 4. 


summarized in 


At least one possible mechanism seems 
to suggest itself as an explanation for this 
altered histopathological process. Withdrawal 
of tuberculous infection as a component 
process in the chest disease was one of the 
most worth-while objectives of the antisili- 
cosis measures. It, however, left the miner’s 
lung without the added factor to lend mo- 
bility to the koniophores conducting quartz 
particles from the alveoli to the lymph nodes 
via the peribronchial and perivascular lym- 
phatics. In the of tuberculosis, 
these cells are known to travel great distances 


presence 


rapidly, and accumulations of dust may in 
such cases be found in the porta hepatis, the 
cervical lymphatic nodular chain, and even 
as far afield as the groins. Such lesions are 
never seen in simple noninfected silicosis. 
This factor, namely, the absence of a 
tuberculosis element, perhaps together with 
a reduced dust load, may thus have slowed 
up the movements of the koniophores, which 
thus tended to accumulate and die in the 
perivascular and peribronchiolar lymphatics, 
thereby exposing these structures to the full 
deleterious influence of the quartz. It is pos- 
sible also that, through the increasing mecha- 
nization and ever-improving drilling and 
blasting techniques, mine dusts carry higher 
proportions of the extremely nocuous ultra- 
microscopic quartz particles. It is possible 
also that the water-spraying techniques of 
dust suppression have mainly reduced the 
proportion of larger particles in the mine 
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PATHOGENESIS OF PULMONARY DISABILITY 


3 A> 
SILICOSIS FOLLOWED BY_ DISABILITY 
DISABILITY PRECEDING SILICOSIS 
FIGURE 4 
I 
ag A;—Normal pulmonary alveoli, with quartz-laden koniophores entering mural lymphatics. 
A2—Emphysematous alveoli, with partial degenerative mural sequelae of retention of quartz dust. 
B,—Normal arteriole, with koniophores passing through perivascular lymphatic plexus. 
B,—Arteriole, with delayed koniophore accumulation around it and intimal thickening. 
B;.—Perivascular fibrosis and endarteriolar proliferation. 
C:—Normal bronchiole, with koniophores passing through its adventitial lymphatic plexus 
and others being expelled via its lumen from the alveolar spaces. 
C:—Delayed peribronchiolar koniophore trapping and_ bronchiolitis. 
Cs.—Peribronchiolar fibrosis, with hypertrophy of muscularis mucosae and mucosal hyper- 
trophy resulting in bronchostenosis and bronchospasm. 
D,—Lymph node undergoing early and cumulative koniophore infiltration. 
D..—Silicotic nodule evolved at the site of the lymph node. 
II 
ai.—As for 4; but with more koniophores being retained in the alveolar walls. 
ad2—Emphysema and extensive alveolar wall damage as an end-result of the initial accumu- 
lation of quartz-laden koniophores here. 
b,—Early accumulation of koniophores and fibrocytes around pulmonary arteriole and 
( P commencing collagen deposition. 
‘ bz—Perivascular fibrosis, with continued koniophore and fibrocyte accumulation around the 
collagen. 
b;—Abundant perivascular fibrosis and intimal hypertrophy. 
e b,—Perivascular nodules, with disorganization of muscularis and occlusion of vascular lumen. 


¢:..—FEarly peribronchiolar koniophore and fibrocytic accumulation and endobronchiolitis. 
¢2—Peribronchiolar fibrosis and hypertrophy of bronchiolar muscular layers. 


¢s.—Bronchiolostenosis and bronchiolar spasm. 


¢:.—Bronchiolectasia. 
d,—Lymph node not affected at early phase of disease. 
d..—Lymph node remains unaffected at a late stage in the disease. 
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atmospheres, leaving the ultramicroscopic 
particles still in aerial suspension. Such fine 
quartz particles when inhaled would have 
a more rapid damaging effect on the pul- 
monary tissues and would kill the konio- 
phores before these scavengers could man- 
age to transport them to the regional lymph 
nodes. One might finally interpose a query 
also concerning the possible role of elements 
such as uranium which are known to accu- 
mulate in the lung tissues. 

Answers to all these questions will come 
only through further research. 


SUMMARY 


The South African legal definitions of 
pulmonary disability, silicosis, and tubercu- 
losis are compared and shown to emphasize, 
respectively, functional, morphological, and 
infective disturbances. 

While there is no apparent statistical re- 
lationship between legal pulmonary disability 
and tuberculosis, silicotic and_nonsilicotic 
pulmonary disabilities occur at different serv- 
ice periods and ages and in inverse rates 
of prevalence. 

Thus nonsilicotic pulmonary disability 
now is most prevalent in men of an age 
group and at a service period which precedes 
the optimum for the onset of silicosis or 
tuberculosilicosis. Tuberculosis, however, 
tends to occur at an earlier stage in the min- 
ing careers and at an earlier age than do all 
three of the former. 

The disease is seemingly less prevalent 
among Negroes who tend, however, to de- 
velop silicosis, tuberculosis, and tuberculo- 
silicosis faster than do the white miners. 

Pulmonary disability without associated 
radiographic silicosis or with incipient sili- 
cosis is progressively assuming the role 
formerly played by macronodular and mas- 
sive silicosis in the causation of physical 
incapacitation among white miners. 

The dominant clinical syndromes of which 
pulmonary disability is comprised devolve 
on the triad of chronic bronchitis, emphy- 
sema, and cor pulmonale. 

In those cases where dust is the causative 
factor, a possible explanation for the emer- 
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gence of pulmonary disability without asso- 
ciated or preceding silicosis may be found in 
the retarded transportation of quartz particles 
and their deposition around terminal bron- 
chioles and pulmonary blood vessels and in 
alveolar walls instead of their transportation 
to lymph nodes. 
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Evaluating Disability in Compensation 


or 


Legal Aspects 


THEODORE C. WATERS, Baltimore 


In our approach to the discussion of the 
subject which has been assigned to me, | 
should like to call to your attention that 
provisions for the compensation of pneumo- 
conioses have presented some of the most 
controversial subjects in state legislation. In 
22 states,* benefits payable for silicosis or 
asbestosis are subject to limitations which 
are not applicable to injuries resulting from 
trauma; in 15 states,— compensation is not 
payable for partial disability, and with respect 
to those statutes providing compensation for 
pneumoconioses, there is extensive variation 
in the benefits paid and in the concept of 
disability resulting from these diseases. In 
my opinion, the reasons for this legislative 
hiatus are as follows: 

1. The fact that, upon enactment of the occupa- 
tional disease compensation statutes, an employer 
became liable for the so-called “accrued” liability 
resulting from the inhalation of dust prior to the 
time that the law became effective. 

2. Problems incident to the proper diagnosis of 
the disease. 

3. Differentials in the concept of compensable 
disease. 


4. Evaluation of disability. 


Recorded for publication April 7, 1955. 

* Alabama, Arizona, Arkansas, Colorado, Flor- 
ida, Georgia, Idaho, Iowa, Maryland, Massachu- 
setts, Michigan, Minnesota, New Hampshire, New 
Mexico, Oklahoma, Oregon, Pennsylvania, South 
Dakota, Texas, Utah, Vermont, and West Virginia. 

y+ Arizona, Colorado, Florida, Idaho, Massa- 
chusetts, Michigan, Minnesota, New Hampshire, 
New York, Ohio, Oklahoma, Pennsylvania, South 
Dakota, Utah, and Vermont. 


With respect to the first of these items, 
“accrued” liability is perhaps a misnomer, 
because what industry was faced with upon 
the enactment of the compensation statutes 
was potential liability for pulmonary changes 
resulting from extended exposure of em- 
ployees to the inhalation of dust prior to the 
effective date of the statute. We must bear 
in mind that upon the enactment of the com- 
pensation statutes the employer became an 
insurer of the health of the employee as to 
these diseases. He was stripped of his com- 
mon law defenses, and the continuation in 
employment by employees automatically im- 
posed upon the employer responsibility for 
compensation. 

With respect to the diagnosis of pneu- 
moconioses, I do not need to tell this audi- 
ence of the limited general medical knowl- 
edge that existed some years ago, at the time 
of the enactment of our compensation statutes 
making the diseases compensable. Industrial 
medicine has made great progress in this 
field, although there is still room for con- 
tinuing improvement. In the trial of any 
given compensation case, commissions and 
courts the general administrative 
policy of giving to the claimant the benefit 
of every doubt; and if there is medical evi- 
dence in the record to support a diagnosis 
and finding of the existence of the disease, 


follow 


our administrative agencies are inclined to 
hold that the disease is compensable, ir- 
respective of the fact that reputable, com- 
petent medical testimony will refute an af- 
firmative diagnosis. This reason alone caused 
great concern to those industries having dust 
hazards and to insurance carriers responsible 
upon such risks. 

With respect to concepts of disability, we 
again find material differences in the legis- 
lative provisions of our compensation laws. 
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In summary, they fall into four classifica- 
tions, as follows: 


1. Inability of the injured employee to earn full 
wages in the employment in which he was last 
employed.t 

2. Total disability rendering the employee unable 
to perform any further work in his then occupation 
or in any other trade, business, or occupation.$ 

3. The event of becoming incapacitated, either 
partially or totally, from performing his work in 
the last occupation in which he was exposed to the 
hazard of such disease.|| 

4. The incapacitated from 
performing his work or from earning equal wages 
in other suitable employment.{ 


event of becoming 


There can be no doubt that the basic con- 
cept of “disability” upon the enactment of 
the workmen’s compensation laws was to 
provide monetary compensation for injuries 
resulting in a loss of wage-earning capacity 
resulting from the traumatic injuries or oc- 
cupational diseases arising out of and in the 
course of employment. Unfortunately, that 
original concept has changed. In an effort 
to liberalize the administration of the laws, 
compensation has been, and is being, awarded 
not for wage loss but for what might be 
termed to be damages sustained by an em- 
ployee during the course of his employment 
irrespective of wage loss. While I admit my 
own prejudice on behalf of the employer 
and the insurer, the fact is that our legisla- 
tures, commissions, and courts, interpreting 
and administering workmen’s compensation 
laws, are tending to award compensation for 
loss of earnings irrespective of cause. Per- 
haps that result is socially desirable ; I am not 
here to argue that point pro or con, but in 


£ Illinois, Indiana, Michigan, New York, and 
Rhode Island. 


§ Arizona, Colorado, Nevada, New Mexico, 
Utah, and Vermont. 
|| Florida, Georgia, Idaho, Kansas, Maryland, 


North Carolina, South Carolina, and South Dakota. 
{| Iowa. (Disability not defined in the States of 
Alabama, Arkansas, California, Connecticut, Deta- 
ware, Kentucky, Louisiana, Maine, Massachusetts, 
Minnesota, Missouri, Montana, Nebraska, New 
Hampshire, New Jersey, North Dakota, Ohio, 
Oklahoma, Oregon, Pennsylvania, Texas, Virginia, 
Washington, West Virginia, and Wisconsin.) 
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fairness to the employer and to the employee 
and to the public, | feel that the carrying 
out of such 
an insurer 


whether or 


a policy will make the employer 
of the health of the employee. 
not the employee’s illness is at- 
tributable to conditions that are characteristic 
of and peculiar to his employment. 

Bearing in mind this change in concept 
of the basic purpose of workmen’s compensa- 
tion legislation, we now come to the fourth 
reason above set forth, namely, the evalua- 
tion of disability in compensation for pneu- 
moconioses. 

It has been my privilege to participate in 
the trial of a number of compensation cases 
involving claims for pneumoconioses, and 
I know of no problem of greater importance 
and more difficult of solution than the at- 
tempted evaluation of disability. While the 
medical profession has improved its tech- 
nique for the diagnosis of this condition, 
little progress has been made in the estab- 
lishment of some formula for the evaluation 
of disability. Admittedly, the inhalation of 
dust over an extended period of time will 
cause pulmonary changes demonstrable on 
roentgen examination. All of us are exposed 
to dust, and I assume that it is correct to 
say that with advancing age such changes 
are inevitably demonstrable. 

Let us assume that a given employee is 
exposed to the inhalation of dust, and let 
us assume further that such inhalation causes 
pulmonary changes. When does that condi- 
tion become disabling within the concepts 
of that term as above referred to? When 
should the employee subject to exposure be 
removed from his employment ? When should 
such employee be deprived of his privilege 
of continuing at work in the occupation in 
which he may be engaged? What methods 
are available to medical science to evaluate 
partial disability? What methods are avail- 
able to medical science to pronounce that 
the employee is totally disabled? What 
sequelae result from a diagnosis of partial 
disability ? Should the employee at that time 
terminate his employment? Should he be 


paid “X” dollars and have that payment 
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effect a release of continuing liability to his 
employer ? Should his ability to procure other 
employment free from dust exposure de- 
prive him of any continuing benefit under the 
compensation law? What methods are avail- 
able to our commissions and courts to pro- 
perly evaluate disability free and clear of pre- 
judiced medical testimony that may be of- 
fered by the claimant? By the employer? 
Or by the insurer? These are the imponder- 
ables with which we are faced in our con- 
sideration of this subject. 

We still do not know all the answers to 
these questions, but I would like to review 
with you briefly some of the standard legis- 
lative provisions which have attempted to 
deal with these matters and to establish 
directives to administrative agencies in handl- 
ing claims. The principal legislative pro- 
visions to which I would refer are as follows. 


1. DENIAL OF COMPENSATION FOR 
PARTIAL DISABILITY 


From the medical standpoint, the evalua- 
tion of partial disability resulting from pneu- 
moconioses differs materially from scheduled 
injuries presently compensable for loss, or 
loss of use, of other parts of the body, such 
as an arm, leg, hand, etc. The Saranac 
Laboratory has been a leader in medical 
research attempting to find some method 
for the evaluation of partial disability, but 
its present distinguished Director, his pre- 
decessors and their associates, and other 
scientists engaged in these studies have not 
as yet found the answer to the problem. Of 
necessity, the attempted evaluation of a fixed 
percentage of disability is exceedingly com- 
plicated and unsatisfactory. Therefore, the 
employer and the insurer contend that com- 
pensation should not be paid unless the 
claimant has suffered wage loss or that com- 
pensation, if any, payable for partial dis- 
ability should effect the discharge of the 
emplover’s liability within a reasonable time 
after termination of employment. Contra, the 
employee has, in fact, received some injury 
from the inhalation of dust and development 
of demonstrable disease. Perhaps legislative 
provisions denying compensation for partial 


disability are not thoroughly satisfactory or 
fair to the parties concerned with the ad- 
ministration of the laws, but: unless and 
until the medical profession gives its ap- 
proval to some method of evaluation of par- 
tial disability, strong arguments may be 
presented for this type of legislative pro- 
vision. 


2. COMPENSATION FOR TOTAL DISABILITY 

No one can challenge the propriety of 
paying compensation for total disability for 
pneumoconioses. However, what do we mean 
by total disability? Under the definitions 
above referred to, it may mean one of several 
things : 

a. The inability to earn any wages in the employ- 
ment where last employed. 

b. The inability to perform any further work in 
the occupation in which the employee was engaged. 

c. The inability to earn equal wages in other 
suitable employment. 

Under the first concept of disability, com- 
plete loss of wage is a condition precedent 
to an award of compensation. 

Under the second concept, the employee 
must be unable to perform any further work 
in his occupation. In this class, we are faced 
with the administrative and court rulings that 
have the effect of awarding compensation 
in those cases where the administrative 
agency is of the opinion that continuing 
exposure is hazardous and detrimental to the 
claimant and, therefore, compensation for 
total disability should be awarded even 
though the claimant is able to make as much, 
and in some cases more, in other employ- 
ment. 

In the third classification, the right to re- 
cover compensation is dependent upon proof 
that the claimant has been incapacitated 
from earning equal wages in other suitable 
employment. 

Simply to state these phases that enter 
into the determination of what is and what 
is not a compensable claim illustrates the 
problems facing our compensation commis- 
sions in disposing of issues presented by this 
disease. 
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3. VALUE OF MEDICAL BOARDS IN THE 

STATE ADMINISTRATIVE AGENCY 

One result of the problems presented by 
compensation for pneumoconioses is legisla- 
tive recognition of the value of Medical 
Boards to assist the administrative agency in 
its determination of issues presented in 
claims. The basic questions involved are 
medical, namely: (a) whether or not the 
claimant has a disease; (b) the nature and 
extent of disability. Owing to the highly 
technical nature of the medical testimony 
presented on behalf of the claimant or the 
employer, the need for Medical Boards to 
evaluate that testimony is imperative. The 
net result is that now 17 states# have Medical 
Boards whose decisions are either conclu- 
sive with respect to the medical issues in- 
volved in the claim or advisory to the ad- 
ministrative agency. 

In the past, too little attention has been 
given to the role of the medical examiner 
in the administration of workmen’s compen- 
sation laws. Time does not permit an ex- 
tended discussion of this matter, but I ex- 
press the hope and opinion that in the future 
our legislatures and commissions will not 
only recognize the need for such Boards 
but accept and enforce their opinions in 
preference to the prejudiced opinions of 
witnesses testifying on behalf of litigants. 


4. EXISTING LEGISLATIVE METHODS PROVIDING 
COMPENSATION FOR TYPES OF DISABILITY 
Time does not permit the detailed discus- 

sion of this phase of the subject that is 

merited, and I can only generalize with 
respect to it. However, I should like to call 
your attention to the following features of 
legislative provisions: 

a. Denial of compensation for partial disability 


(discussed above). 


# Arizona, Colorado, Georgia, Idaho, 
Nevada, North Carolina, 
Ohio, Oregon, Pennsylvania, South Carolina, South 


Dakota, Texas, Utah, and West Virginia. 
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Iowa, 


Maryland, Minnesota, 
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b. Monetary limitations of compensation, award- 
ing limited compensation for partial disability and 
escalator provisions for total disability. 

c. Limitation provisions barring right to recovery 
dating from the termination of employment. 


With respect to these matters, I commend 
to you the statutes of 
Arkansas, Maryland, North Carolina, West 
Virginia, and Wisconsin. None of them are 


for consideration 


perfect, but they have attempted to define 
some method for the proper compensation 
for partial disability with termination of 
continuing liability of the employer. 

Perhaps the most grievous defect in all 
statutes is found in those sections dealing 
with limitation provisions relating to the time 
when claims must be filed in order for them 
to be compensable. This is a major problem 
and one which presents the opportunity for 
extended discussion. From the standpoint 
of the employer and the insurer, they desire 
the termination of liability within a reason- 
able period of time after employment has 
ceased. From the standpoint of the employee, 
he feels that he is entitled to compensation 
beginning at any future time when the dis- 
ease becomes demonstrable or disabling ir- 
respective of the date of termination of his 
employment. Certainly from the standpoint 
of legislation, we do not know the answer 
to this problem. 


CONCLUSION 

The foregoing discussion has been pre- 
sented for the purpose of directing our 
thoughts to those questions, medical and 
legal, involved in the evaluation of disability. 
I have attempted to address my remarks to 
the legal issues presented. Our state legisla- 
tures and our commissions and courts have 
not found the answers to the problems so 
presented. In cooperation with our brothers 
of the medical profession, it is to be hoped 
that greater uniformity of legislation and 
administration may develop in this field and 
that justice may be done to those affected 
by the administration of our compensation 
laws. 
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| in Deep-oLevel Mining 


DUNCAN A. HOLADAY, B.S., M.A., Salt Lake City 


The occupational exposure of workers to 
radioactive dust and gas has only recently 
become of general interest. Interest increased 
as uranium became an important and widely 
sought after mineral. This development has 
resulted in the employment of large numbers 
of miners, so that a problem that was once 
of apparently minor importance in this coun- 
try has become one that demands a solution. 
It is the purpose of this paper to present data 
on levels of radon found in uranium and in 
nonuranium mines, to refer briefly to possi- 
ble biologic effects, and to make a plea for 
the careful examination of existing data 
which should help in the determination of a 
safe working level of radon and its degra- 
dation products. 

All uranium contain radium, and 
therefore the radioactive gas radon is con- 
tinuously produced and is released into mine 
atmospheres. This gas and its immediate 
daughters, RaA through RaC’, are regarded 
as the most important radioactive elements 
present in uranium mines from the stand- 
point of their possible biologic effects. The 
question then is: What are the effects pro- 
duced by the inhalation of alpha-emitting 
radioactive elements? The result of human 
exposures should provide the data in estab- 
lishing proper working levels, but, unfor- 
tunately, such records are limited with regard 
to the elements with which we are now con- 
cerned. 


ores 


Recorded for publication April 7, 1955. 

Sanitary Engineering Director, Occupational 
Health Field Station, Division of Special Health 
Services, Public Health Service, U. S. Department 
of Health, Education, and Welfare (Mr. Holaday). 
Presented by W. Clark Cooper, M.D., Medical 
Director and Chief of the Division of Special 
Health Services, Public Health Service, Cincinnati. 


PAST EXPERIENCES 

Available data are confined almost entirely 
to the experiences in the Schneeberg and 
Joachimsthal mining areas, of Germany and 


Czechoslovakia, respectively, where an ab- 
normally high incidence of lung cancer was 


found among miners who had worked for 
years in mines which were shown to contain 
high concentration of radon. Peller,? in 1939, 
analyzed the cancer mortality experienced 
by the Joachimsthal miners. He states in his 
summary that the miners in Joachimsthal 
had a high percentage of cancers (53%) 
among causes of deaths. This greatly in- 
creased cancer mortality rate was due to an 
enormous frequency of pulmonary cancers 
in the age group from 35 to 54; there was an 
exceptionally high proportion of primary 
lung cancers, a reduced incidence of cancer 
in nonrespiratory organs, and an increased 
mortality from causes other than cancer in 
the younger age groups. 

After the existence of the cancer problem 
had been demonstrated, measurements were 
made of the atmospheric concentrations of 
radon in these mines. Evans and Goodman,’ 
in summarizing these data in 1940, con- 
cluded that the average concentration of 
radon in the mines was approximately 
1000uue (micromicrocuries ) per liter. 


LACK OF ADEQUATE DATA 


Sale * has summarized some of the un- 
certainties in retrospective interpretation of 
the foregoing data as an aid to defining 
present standards. In the first place, we do 
not have adequate data on lung cancer rates 
in this region of Europe compared with other 
mining areas where radon was absent or 
present in low concentrations, and, secondly, 
the radon concentrations as measured might 


* Bale, W. F.: Personal communication. to the 
author. 
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not be the same as those that were common 
in the mines some years earlier. The long 
latent period for lung cancer might mean 
that the exposure 10 to 30 years before the 
development of symptoms was the important 
one. 

From our own work in mines, we know 
that minor amounts of ventilation will reduce 
radon concentrations markedly as contrasted 
with those existing under conditions of no 
ventilation. Thus even limited efforts to re- 
duce the radon levels in the European mines 
may have lowered the atmospheric concen- 
trations by large factors.* Perhaps the 
greatest uncertainty is due to the complete 
lack of information on the atmospheric con- 
centrations of the immediate daughters of 
radon whose importance as inhaled sources 
of radiation has been recognized only re- 
cently. 

Shapiro * has demonstrated that only a 
minor part of the radiation dose is delivered 
to the lungs by radon, with about 95% of 
the total alpha dose resulting from the inhala- 
tion of RaA, RaB, and RaC. Thus a measure- 
ment of the radon concentration only is a 
poor index of radiation exposure. Even small 
amounts of ventilation change the ratios 
between radon and its daughters in mine 
atmosphere, and so it is impossible to infer 
the amount of the latter elements present in 
the European mines even where the radon 
concentrations are known. Altogether, it 
does not seem that such data as we have on 
human exposures in uranium mines of 
Europe are reliable enough to be of much 
assistance in establishing maximum allowable 
or acceptable concentrations. 


COLORADO PLATEAU URANIUM MINES 
While we have pointed out that the records 

of European experience are not complete 

enough to enable us to establish maximum 
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safe working levels, it still is of interest to 
compare the reported atmospheric concentra- 
tions of radon in those areas with the levels 
that have been found in American uranium 
mines. During studies of the Colorado 
Plateau mines carried out by the Public 
Health Service in collaboration with the 
Atomic Energy Commission and the health 
departments of the interested states, several 
hundred atmospheric samples were taken 
and analyzed for radon and its alpha-emitting 
daughters. The unpublished results of some 
of this work are summarized in Tables 1 
and 2. 

Table 1 shows the atmospheric concentra- 
tions of radon found in a number of uranium- 


TABLE 1.—Concentrations of Radon in Uranium 
Mine Atmospheres by Mining Areas 


Median Max. Min. 

Rn, Rn, Rn, 

No. Mines Liter Liter Liter 
17 8,300 48,700 1,300 
ed ke 11 4,100 59,000 1,085 

ll 3,900 2? 000 130 
da 4 1,100 3,200 160 
cas 6 23,000 70 


mining districts. The results are summarized 
by mine areas. Thus, in Area 1, samples 
which were taken in 17 mines showed a 
minimum radon concentration of 1300upc/ 
liter and a maximum concentration of 48,700 
ppc/liter, with a median value of 8300upuc/ 
liter for all samples. It will be remembered 
that the average concentration in the Eur- 
opean mines was estimated at 1000upc of 
radon per liter of air. 

Table 2 shows the distribution and the 
cumulative distribution of miners by levels of 
radon daughter concentrations. Thus 140 of 
the 733 miners were exposed to concentra- 
tions between 1000ppc/liter and 2000ppc/ 
liter, but 469 (approximately 64%) were 


TaBLe 2.—Distribution of Uranium Miners by Radon Daughter Concentrations 


Item 0-100 100-490 
116 117 
Cumulative no. of miners........... 733 617 


uuc/Liter RaA + RaC’ 


500-990 1,000-1,900 2,000-4,900 —5,000-10,000 


10,000 
31 140 153 60 116 
4.2 19.1 20.9 8.2 15.8 
500 469 329 176 116 
68.3 63.9 44.9 24.0 15.8 


Average (all mines)—4,200 uwue/liter RaA + RaC’ 
Median (all mines)—1,200 guc/liter RaA + RaC’ 
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RADON PROBLEM IN DEEP-LEVEL MINING 


exposed to atmospheric concentrations of 
RaA plus RaC’ greater than 1000ppc/liter 
(1000puc/liter of RaA plus RaC’ is equiva- 
lent in alpha activity to 500ppe/liter or radon 
at equilibrium with its immediate daughters ). 


CALCULATION OF DOSE TO LUNGS 

We have referred to alpha radiation dose 
to the lungs, and it is interesting to review 
some unpublished calculations by Bale, 
(Table 3), showing what the magnitude of 
this dose may be.+ These calculations were 
based on continuous exposure to an atmos- 
phere containing 10upuc of radon per liter, 
with an equivalent amount of RaA and 
Sype/liter of RaB, RaC, and RaC’. Using 


TABLE 3.—<Assumptions Used in the Calculation 
of Tissue Dose 


1. Retention in the respiratory tract is 25%. 

2. These elements remain in the respiratory system 
until they have decayed through Rac’. 

. Fifty per cent of the degradation products are 
taken out in the bronchial tree. 

4. The weight of the lungs is taken to be 1000 gm 

5. The effective depth of alpha radiation in tissue 
is 60 

6. The total air breathed in a 168-hour week is 140 
cubie meters. 

7. The relative biologie effectiveness of alpha par- 
ticles is 10. 


assumptions for retention of dust and weight 
of tissue affected similar to those used by the 
National Committee on Radiation l’rotec- 
tion, the weekly dose to the lungs from radon 
degradation products is 0.043 rem and 
to the bronchi, 0.72 rem. For estimating 
exposure levels for workers, we should re- 
member that the concentrations of radon 
daughters used in these calculations are much 
lower than would be found in operating 
uranium mines; hence it appears that the 
respiratory system of a person working in 
such atmospheres will receive a large radia- 
tion dose. For example, a level of 1000upmc/ 
liter of RaA, with 500uuc/liter of RaB, RaC, 
and RaC’, will give a calculated dose to the 
lung amounting to 4.3 rem per week and 72 
rem per week to the bronchi. Calculations 
made using these assumptions give doses in 
animals comparable to those determined ex- 


+ Bale, W. F.: Unpublished data. 


perimentally by Shapiro.t This suggests that 
the calculated values are an approximation 
of those which would be received by humans 
under the above conditions. 

It must be pointed out in this connection 
that it is not possible to consider radiation 
doses to an organ like the lung by the 
standards for whole-body external radiation. 
The latter standards were established with 
reference to the effect of radiation on the 
blood-forming organs. Such criteria cannot 
be applied to tissues where the creation of 
malignant neoplasms is the important factor. 


NONURANIUM MINES 


As uranium is widely distributed through- 
out the earth’s crust, it appeared likely that 
mines other than those that produce uranium 
would also have some radon in them, and 
this opinion has been confirmed by several 
studies. Jacoe® has reported the results of 
studies in mines in Colorado, and Harris * 
has reported similar work in New York. In 
35 metal and clay mines surveyed in Col- 
orado, the lowest radon concentration found 
was 1Opuc/liter and the highest was 2100 
ppe/liter. This latter figure is not strikingly 
different from the average figure of 1000upc/ 
liter found in the European mines. In the 
New York mines, the lowest radon concen- 
tration found was 2yyc/liter, while the 
highest was 110 pyc/liter. These and addi- 
tional surveys in other parts of the United 
States suggest that radon is a normal con- 
stituent of mine atmospheres. 


BIOLOGIC EFFECTS 

Sultzer and Hursh* have proposed that 
urinary polonium measurements may serve 
as a rough measure of cumulative lung ex- 
posure to radon and its daughters, since the 
daughters decay to Pb?'’, a lead isotope with 
a long effective half-life in the body and a 
decay scheme producing Po*'’. In a compari- 
son of the urine findings of 19 uranium 
miners of the Colorado Plateau with those 
of unexposed laboratory personnel, it was 
found that the miners chronically exposed to 


high radon concentrations had amounts of 
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varying from 2ypc/liter to 38pupc/liter, 
while no polonium was found in the urine of 
the laboratory group. Thus it would appear 
that the miners had inhaled and retained 
radon and its degradation products. 


A PLEA FOR THE EXAMINATION OF 
EXISTING DATA 


These studies, together with unreported 
work by other groups, indicate that occu- 
pational exposure to appreciable amounts of 
ionizing radiation has been common among 
miners and has existed for a long time. The 
existence of such a large group of persons 
who have been exposed for long periods to 
relatively low levels of radiation (compared 
with those that occur in uranium mines) 
suggests that it might be possible to evaluate 
the effect of inhaled alpha-emitting elements 
on the basis of past experience. However, 
such a study could only be done in an area 
where a large enough group of workers 
with a defined working and medical history 
can be followed. This means that the mining 
population must be as stable as possible, that 
medical records must be sufficient to deter- 
mine’ the cause of illness or death, and that 
the environmental history of the mines can 
be obtained or estimated from present atmos- 
pheric concentrations and records showing 
when ventilation was introduced. 

Such conditions are difficult to meet in 
the United States where miners are a very 
mobile group indeed. However, it is possi- 
ble that such a study could be successfully 
carried out in mining areas in other coun- 
tries with more stable populations and more 
complete medical records. Any conclusive 
results that would be obtained from an in- 
vestigation of this type would be of invalu- 
able assistance in estimating the extent of 
the hazard created by the inhalation of radio- 
active elements, regardless of whether or not 
the study showed that there had been dis- 
cernible effects on the health of the workers. 
The number of uranium miners is increasing 
rapidly, and every effort should be expended 
to obtain information that will permit the 
establishment of safe working conditions. 
In addition, there are many metal mines 
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which have atmospheric concentrations of 
radioactive dust and gas which exceed any 
working levels which have been suggested for 
uranium mines. Undeveloped data which 
will indicate the biologic effects of exposure 
to radon and its degradation products prob- 
ably exist, but it will require a concerted 
effort on the part of a number of organiza- 
tions to assemble and analyze the informa- 
tion. 


CONCLUSIONS 


High concentrations of radioactive dust 
and gas can be demonstrated in a high pro- 
portion of uranium mines. However, ap- 
preciable concentrations have likewise been 
demonstrated in many nonuranium mines. 
Adequate data are not available for inter- 
preting these concentrations in terms of 
effects on human health, but it is very im- 
portant that standards be agreed upon. It is 
urged, therefore, that a concerted effort be 
made to study records of miners who have 
worked for years in nonuranium mines, in 
hopes that data bearing upon the establish- 
ment of reasonable maximal allowable con- 
centrations can be obtained. 
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C. S. GIBSON, M.E., Timmins, Ont., Canada 


The control of dust in metal mines presents 
This 


is so not only from mine to mine but also 


problems that vary in many respects. 
between parts of the same mine. Some of 
the problems are new, in the sense that they 
have assumed importance through changed 
conditions. Some are old, still presenting a 
challenge. All, however, are continuing af- 
fairs, inasmuch as constant efforts are re- 
quired to maintain exposures at a practicable 
minimum. 

This paper deals with the principal prob- 
lems in Ontario mines—problems which, it 
is suggested, probably obtain in many mines 
elsewhere. The text is based on 20 years’ 
association with endeavors of this kind in an 
industry that has achieved a fair measure of 
success in the prevention of silicosis.’ 


THE MINING INDUSTRY OF ONTARIO 

The mining industry as a whole employs 
some 35,000 persons, about two-thirds of 
whom have dust-exposure occupations. Most 
mines are multilevel underground operations 
in steeply dipping veins. The veins vary in 
width from less than a foot to several hun- 
dred feet and may or may not be branching 
systems. The depth of operations ranges from 
a few hundred feet to approximately 8200 ft. 
below surface. The primary products of the 
underground group are gold, silver, cobalt, 
copper, nickel, iron, talc, fluorspar, and gyp- 
sum. Uranium will soon be added to the list. 


Recorded for publication April 7, 1955. 

Safety Director and Chief Engineer and Secre- 
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There are a few open-pit mines. However, 
these are temporary in type because, as the 
outcrops are removed, the mining is done 
below surface. Primary products of the open 
pits are asbestos, copper, nickel, iron, mag- 
nesium, and nepheline syenite. 

Daily production of ore ranges from less 
than 100 tons to about 15,000 tons, though 
it is considerably more at some open pits. 
The ore is crushed, screened, and treated by 
appropriate metallurgical processes. 

The risk of silicosis obtains mainly in un- 
derground operations, also in crushing and 
screening. 

This general picture may be concluded by 
referring briefly to the Mining Act of On- 
tario. In essence the Act requires wet-mining 
methods underground and suitable ventila- 
tion to avoid exposure to harmful dusts and 
gases. These legal precautions, supplemented 
by x-ray examinations of the chest and com- 
pensation for silicosis, were requested by the 
mining industry many years ago and have 
contributed much to achievements in the pre- 
vention of this disease. 


PERMISSIBLE LIMITS OF ATMOSPHERIC 
DUSTINESS 

The vexatious question of permissible lim- 
its of atmospheric dust deserves comment at 
the outset because it is a current problem in 
the minds of many. It will remain a problem 
for years to come, because there are so many 
variables which defy assessment. 

Most of the silicosis in Ontario had its 
origin in gold mines, where it would appear 
the amount of quartz in aerial dusts ranges 
from 14% to 28%, as determined by x-ray 
diffraction-pattern assays. 

Although some research has been effected 
with the thermal precipitator, all routine 
dust-sampling and test work at Ontario 
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mines has been done with the circular konim- 
eter for the past three decades. 

Konimeter samples are heated to about 
1000 F before and after treatment with warm 
50% hydrochloric acid for two minutes. They 
are counted at a magnification of X 150 
against a dark field. The illumination is a 
100 watt frosted electric bulb, placed 9 in. 
from the mirror of the microscope. Consid- 
erable research has been done seeking relief 
from the tedium and eyestrain when counting 
samples; microprojection and comparison 
methods have been tested. To date, however, 
the problem remains. 

Through the years, we have come to ap- 
preciate that, in our case, konimeter counts 
of the order of 100 to 300 particles per cubic 
centimeter (ppcc) are “good’’; those of the 
order of 500 to 700 or 800 ppce are “fair” 
only, while those in excess of 1000 ppce are 
“poor.” 


The sins of the past have been erased for 
the most part, and the dust counts at many 
installations and operations perfected in re- 
cent years approximate 100 ppcc. 

However, we still have problems, and 
always will have them, because methods of 
mining, ground conditions, and personnel 
change. The same applies to other industries. 


DRILLING 


Drilling is a major operation in any metal 
mine. Most of it is done by percussive drills 
operated by compressed air. Dust sampling 
has proved, however, that wet drills of this 
kind still liberate undesirable amounts of 
dust. The diamond drill, a rotary machine, 
presents no problems in this respect. 

Much of the dust from percussive drills is 
caused by air which leaks past the piston 
into the fronthead of the machine, whence it 
passes down the hole in the drill steel as 
bubbles in the water. As these emerge from 
the hole, they release dust. 

This condition was improved, however, in 
the so-called “dustless” drifter, which has 
vents in the fronthead to allow this air to 
escape. This type of machine had its origin 
in South Africa. It was introduced into 


168 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 


Ontario mines about 1930 in headings and 
stopes. Some companies used it in all such 
operations. A number of these drills are still 
in service. Utility of the vented fronthead 
was demonstrated by the fact that if hori- 
zontal holes were properly started the aver- 
age dust count during drilling could be re- 
duced to about 300 ppcc or even, in some 
instances, to about 150 ppcc. 

Dispersal of dust was reduced also by 
increasing the amount of water. This was 
done (a) by paying more attention to pres- 
sures—an important aspect, (b) by ena- 
bling more water to get through the machine 
itself, and (c), in the case of some bits, by 
providing more holes for water to be deliv- 
ered to the cutting edges. 

Collaring, or starting a hole, is the most 
vital factor in the dispersal of dust at any 
drill. If this operation is done wet, the dust 
liberated is not a serious problem. If it is 
done dry, the amount dispersed may com- 
pletely obliterate the utility of all other means 
to control dust incorporated in the drill. The 
industry therefore welcomed the automatic 
air-and-water throttle when it became avail- 
able in 1938 and promptly put it to good use 
—first on Leyners, or mounted, machines 
and recently on some stopers and airlegs. 

The automatic air-and-water throttle is a 
good device when properly used, because a 
lower dust count will obtain at a drill so 
fitted than can be expected at a machine 
where collaring is done by the old-fashioned 
method. However, its utility is defeated in 
many instances by the provision of a hand- 
valve in the hose for water at the drill so that 
the machine man can control the supply of 
water when starting a hole and minimize 
splashing. 

The advent of the steel holder or hole 
spotter for Leyners helped this situation 
much. It also improved safety and decreased 
wear in the chuck of the machine by pre- 
venting the drill steel from wobbling. Much 
good has been done also by a persistent edu- 
cational campaign in collaring. But the prob- 
lem is still with us. 
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DUST CONTROL IN METAL MINES 


The light-weight airleg machines and var- 
ious kinds of bits introduced in recent years 
revolutionized drilling practices and_ re- 
created problems in dust control. The vented 
frontheads and air-and-water 
throttles disappeared rapidly, though they 
have lately reappeared on light drills. 


automatic 


As for the use of bits tipped with tungsten 
carbide, the dust counts were not nearly so 
good as expected, especially when some types 
of chisel bits were being used. The reason 
would appear to be that sufficient water does 
not reach the cutting edge. The chisel bit 
with only one sidehole for water is an ex- 
ample. 

It is difficult to control dust while drilling 
holes upward. The principal reasons are ina- 
bility to maintain a seal of water in the hole 
and the use of compressed air to keep cuttings 
out of the working parts of the machine. 
Obviously the condition with respect to dust 
dispersal deteriorates in confined spaces, be- 
ing most difficult in dead ends such as raises. 


The remedies are not easy. Manufacturers 
have improved machines used to drill up- 
holes by increasing the flow of water and de- 
creasing the amount of air by blowing and, 
in a few cases, by providing the automatic 
air-and-water throttle; there are also a few 
vented frontheads in service. As for ventila- 
tion, it can be maintained in a timbered raise, 
but we have yet to discover how to provide 
adequate facilities of this kind in an untim- 
bered or raw raise. Research to this end is 
being done. 

Drill dust is important also because of its 
fineness, a characteristic that it possesses to 
a greater degree than dust from ore handling 
or crushing, for example. The finer the de- 
gree of subdivision, the greater the possi- 
bility that dust so produced may enter the 
air sacs of the lung. In theory also, a dust 
which is finely divided should have an en- 
hanced chemical activity on human lung 
tissue. 

A further major reason for dust control at 
drills is not only that the dust is fine and in 
some circumstances apt to be present in un- 
healthy amounts but more especially that it is 


breathed for a considerable 
period during the working shift. The dust 
cloud from blasts may be much denser and 
the component particles just as fine, but the 
bulk of it is created and removed in circum- 


liberated and 


stances that ordinarily do not give rise to 
excessive exposure. In drilling, the direct 
opposite occurs. Moreover, persons working 
beyond the immediate source of pollution 
may be subject to its effects, though to a 
slighter extent than the machine men. 


Some years ago, investigators in England 
suggested that freshly fractured dust may be 
more active chemically than dust which has 
been made for some hours. The reason con- 
cerns an unsatisfied oxygen valence on the 
surface of the particles. If this is so, there 
would be further justification to control dust 


well at drills. 


Another reason is yet more important. 
Dust control at these sites is necessary to 
supplement ventilation. It is perfectly true 
that good ventilation will provide good air 
conditions at any drill. It is equally true, 
however, that the application of adequate air 
circulation is not feasible for this purpose at 
all drills at all times in our mines. The same 


may be true in others. 


Our industry has done much to reduce dust 
from this with beneficial results. 
During recent years, however, drilling equip- 
ment and practices have changed notably. 
Field observations have indicated that the 
time has come to reassess exposures in these 
operations in order that the operator and the 
manufacturer of drilling equipment may be 
guided properly in continuing to prevent sili- 
cosis of this origin. In November, 1954, 
therefore, we commenced a comprehensive 


source, 


series of tests on drilling equipment under 
controlled conditions at an underground loca- 
tion. Three engineers—two of our own and 
one lent by a group of mines 


are engaged 
in this research on a full-time basis, assisted 
by various operating personnel. ‘The tests 
will continue at least through April, 1955. 
When the research has been completed to our 
satisfaction, a report will be published. 
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It is our belief that the maker of a piece of 
equipment, the developer of a process, which 
produces or entails a hazard to health, should 
be interested in the elimination of that hazard 
and that the manufacturer is in a better posi- 
tion than the user to design and publicize 
remedial measures for the equipment which 
he markets. It might be good business for him 
to do so, too. It would help also if purchasing 
agents were kept informed of dust aspects. 

The manufacturers of drilling equipment 
presently being tested by us are cooperating 
extensively in this research, and, as for the 
mines, especially the one where this work is 
in progress, they are indeed generous in their 
assistance. 

MINING METHODS 


Methods of mining and of handling broken 
ore and waste have been changing too in 
recent years. Rising costs of labor and sup- 
plies hasten many of the changes. There was 
also the desire or the necessity to extract 
large low-grade ore bodies by means that 
were safe and efficient. There are today ex- 
tensive operations in which the ore is under- 
cut and caved, or broken in huge stopes by 
drilling and blasting long holes from sub- 
levels on a retreating basis, or removed by 
some kind of room-and-pillar method. 

The changes thus effected have all added 
up to a substantially increased rate of pro- 
duction. This, in turn, has meant the creation 
of more dust. The problem therefore has been 
to get rid of it. The risk of silicosis in these 
large-scale operations has, however, de- 
creased because fewer men are involved. 
Moreover, the size of the undertakings is 
such as to justify the provision of excellent 
ventilation in most cases. The problems in- 
volved have been numerous. Invariably, 
though, they have been associated with the 
provision of major increments to the ventila- 
tion of the mine concerned. 


MECHANICAL SHOVELS 

Years ago, when a hand shovel was used to 
load cars in a heading, the dust count could 
be held to 150 ppcc if the muck was kept wet. 
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Use of a small mechanical shovel in compar- 
able circumstances automatically raised air 
dustiness two to four times. Larger loading 
devices of this kind are in service now in 
many mines. Continuous loaders are also 
employed in some parts of the United States 
and Canada. This has necessitated a constant 
battle to maintain good air conditions. 

Control of dust at mucking machines de- 
pends on the extent to which water and ven- 
tilation are applied. There is a limit to which 
water can be used in some mines. Heat is the 
handicap in a few instances. However, in the 
majority of such mines the difficulties are 
due to the nature of the material being han- 
dled, for example, talcose rocks and some 
iron ores. On the other hand, it would ap- 
pear that in most metal mines the use of 
water to allay dust has not yet been fully 
exploited. 

The ventilation of places where mucking 
machines are operated falls into two cate- 
gories. Some loaders are operated at draw- 
points and in back-stopes. The only problem 
in the ventilation of these working sites is 
that of insuring that the system for the mine 
as a whole serves them adequately. Ventila- 
tion of room-and-pillar operations (a system 
of mining seldom seen in Ontario because of 
the nature of our deposits but one that is to be 
used extensively in the uranium mines in one 
district) has been developed highly in some 
operations in the United States. 

The majority of our mechanical shovels 
are operated in headings, where auxiliary 
ventilation is necessary. There is slow but 
growing appreciation of the importance not 
only of removing dust from such places by 
means that do not pollute other workings but 
also of maintaining satisfactory drafts at the 
face itself. In this connection, experience 
proves that the best results are obtained by 
the dual, or push-pull, system. 

There are few problems in the practices of 
auxiliary ventilation. There is, however, a 
very real one in regard to costs, because 
metal ducts for this purpose are expensive. 
Flexible tubing is not popular in Ontario. 


4 
4 
\ 
= 
>. 
3 
is 2 


DUST CONTROL IN METAL MINES 


SCRAPERS AND SCRAMS 


Development of mechanical shovels to load 
muck into cars was paralleled by extensive 
application of scrapers or hoes to drag ore or 
waste to transfer passes or loading points. 
The scrapers vary in width up to 6 ft. The 
hoists that pull them by means of cables 
range in size up to 150 h. p. The small ones 
are operated by compressed air; the large 
ones, by electricity. 

As in the case of mechanical shovels and 
loaders, control of dust raised by scrapers is 
important. Water and ventilation are the 
remedial measures. 

The majority of the smaller scrapers are 
used to move ore and spread fill-in stopes 
where intermittent cut-and-fill operations are 
practiced. They are used also in many other 
kinds of stoping to drag ore to drawpoints of 
one kind and another, for example, down the 
footwall of an irregular deposit inclined at 
40 degrees being mined by open-stope meth- 
ods. The task is, as always, to keep the muck 
wet by sprays and to dilute and carry away 
dust that is raised. The fact that in many 
multilevel mines it is not practicable to split 
the general ventilation to the extent feasible 
in flat deposits extracted by the room-and- 
pillar method is another handicap. These and 
other aspects in the use of small scrapers 
suggest the advisability of giving maximum 
attention to the use of water in conjunction 
with good general ventilation. 


In those operations in which large ton- 
nages are moved by scrapers, the ore may be 
broken in huge stopes of the sublevel type or 
by undercutting and caving the ground above. 
It is removed through drawpoints, which 
feed into a scraper drift, or “scram,” beneath 
the deposit, by a scraper dragged back and 
forth. 

The introduction of this kind of mining 
posed many problems. It was early recog- 
nized that the facilities for ventilation had 
to be much larger than those serving most 
other types of extraction. It was necessary, 
for instance, to rid the scrams of dust and 
smoke rapidly and thereby to be able to 


see throughout their lengths. Cost of produc- 
tion was, however, pared to the bone as profit 
depended on ability to move much muck in a 
short time. It was recognized also that air 
from scrams should be taken to surface by 
untraveled routes in most cases, its dust con- 
tent rendering it unfit for breathing. 

Initial designs were based on air speeds of 
85 to 100 ft. per minute in scrams. This has 
been found not to be enough. Good practice 
is to use 50% more. 


VENTILATION OF LARGE-SCALE OPERATIONS 

It is at once obvious that the provision of 
adequate ventilation for this kind of mining 
is a major undertaking as well as an expen- 
sive proposition, especially in a deep mine. 

The changes necessary are difficult to ef- 
fect satisfactorily in any existing mine—for 
numerous reasons beyond the scope of this 
paper. On the other hand, it is gratifying 
indeed to see new producers taking full ad- 
vantage of the experience of pioneers in this 
field. 

It is always good practice to consider gen- 
eral ventilation when mine layouts are made. 
Where large-scale operations, such as those 
discussed above, are contemplated, it is es- 
sential that this be done. 

The general ventilation of many Ontario 
mines is accomplished by the push-pull sys- 
tem; that is, air is blown underground and 
is exhausted by fans at or near the surface, 
preferably in the latter location. The push- 
pull system is particularly desirable where 
mining is done by sublevel stoping, caving, 
and the use of scrams, because the control of 
air movement is facilitated. 

Control is vital in such mining, as the 
workings are huge and the rate of mining is 
high. For dust to be effectively controlled, 
the amounts of air circulated have to be large, 
with the result that much money has to be 
invested in ventilation. 

A major problem has been the develop- 
ment of stoppings strong enough to with- 
stand severe concussion. The strong blasts 
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necessary in this kind of mining require that 
heavy steel, concrete, and timber be used for 
this purpose. 

Experience has shown also that in some 
mines it is necessary to install booster fans in 
return air circuits solely to insure that a 
given group of, say, five scrams will get its 
fair share of the total available ventilation. 
That is the only purpose of these units. Such 
fans range in capacity from 30,000 to 60,000 
c. f.m. at pressures under 1 in. water gauge. 
Some operators would like to use a small 
exhaust fan at the tail end of each scram but 
cannot find one able to take the concussion. 

The new fan capacity installed for general 
ventilation in Ontario mines since 1938 totals 
about 6,500,000 c. f. m. The increment for 
the year ending in April, 1955, will be some 
700,000 c. f. m. Almost all this new venti- 
lation has gone into metal mines, in most 
instances to serve the kind of mining dis- 
cussed above. 


HEAT AND COLD 


It is pertinent to refer to heat and cold, 
at least briefly, because they affect dust con- 
trol in metal mines. 


In some respects we in Ontario are fortun- 
ate in having a cold climate. But the blessing 
is mixed, for it brings with it real handicaps 
in ventilation. 

The ground-level temperature approxi- 
mates 40 F. The geothermal gradients are 
favorable. Misener* reports the following : 


Area Gradient 
ss 1 degree F per 203 ft. 
Kirkland Lake............... 1 degree F per 140 ft. 
1 degree F per 115 ft. 


This means that heat is not a major prob- 
lem at Ontario mines. There are, however, a 
few where it is becoming troublesome. Up 
to the present, the operators of these mines 
have been able to maintain satisfactory air 
conditions by good ventilating practices. 
Deeper operations will alter these circum- 
stances. Preparations are accordingly being 
made to cool air in summer—and warm it in 
winter—by facilities in which Mother Nature 
plays a major role.’ 


172 


Be 


ARCHIVES OF INDUSTRIAL HEALTH 


It is not heat but the lack of it which 
troubles most mines in Canada. The new 
producer has no old workings through which 
subzero air may be circulated to temper it 
before delivery to active parts. Trouble of 
like kind is particularly experienced in older 
mines that are shallow. 

In such circumstances, the operator has 
only two courses to follow: to heat the in- 
coming air or to struggle through a winter 
of four to five months, battling ice in the 
downcast due to seepage of ground water. 
Cementation is widely practiced to combat 
this condition. Sometimes it is successful ; 
oftimes it is not because of extensive frac- 
tures in the ground. 

The plants to heat air vary in capacity; a 
few handle more than 100,000 c. f. m. Coal 
is the principal fuel used. “Coke-fly” from a 
steel plant is employed in one case; fuel oil, 
in another. Low-pressure steam is circulated 
through coils of the fin type in most installa- 
tions. Recently, however, there has been a 
preference for a kind of heating in which air 
is forced through tubes around the “‘fire-pot.” 
Installations of this type can be made fully 
automatic and are reported to be trouble- 
free, which is not the case at most of those 
where steam is employed. 


As a mine ages, its staff gains experience 
with this problem. The workings deepen, 
and open ground is accumulated on upper 
levels. Ground waters tend to disappear from 
the downcast through fissures connecting 
with sections outside of the arteries for air 
or are conducted to the latter. There then 
is more space to temper air. In such circum- 
stances there comes a time when the plant to 
heat air may be dismantled and a major an- 
nual change eliminated as was done at one 
Ontario mine two years ago. It must be 
pointed out, however, that this is the excep- 
tion, not the rule. Fortune sometimes smiles 
but not on many. 


CONCLUSION 

The most important problem in dust con- 
trol in any mine is the provision and mainte- 
nance of a stimulating interest in this subject. 
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DUST CONTROL IN METAL MINES 


Management holds the key to this. If its 
attitude is good, much will be accomplished. 
If it is not, results will be mediocre. It is 
recognized, however, that it is as yet impos- 
sible to control all harmful exposures to dust 
all the time and in all places where men work 
and travel. 

It is my conviction that, despite the good 
history of health in some industrial occupa- 
tions, prolonged exposures to high concen- 
trations of any dust do no good and in time 
may do harm. They are also bad for morale 
and affect efficiency adversely. 
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Disability in [~ersons 
Exposed to Beryllium Compounds 


HARRIET L. HARDY, M.D., Boston 


In presenting this paper, I have chosen, 
first, to summarize the evidence for the con- 
viction that there is a man-made disease pro- 
duced by exposure to certain beryllium com- 
pounds and, secondly, to point out the un- 
folding clinical character of this disease. 

The need for discussing the existence of 
beryllium poisoning became apparent with 
the appearance of the article by Shilen and 
his group’ in a recent issue of /ndustrial 
Medicine and Surgery, implying that no ill- 
ness has appeared in certain beryllium ex- 
posures in the extraction and alloy-manufac- 
ture industry. This article and several in 
trade journals based on it have resulted in 
confusion in the minds of those responsible for 
industrial hygiene measures in_ beryllium- 
using industries. The fact that no M. A. C. 
has been adopted by the American Standards 
Association or the American Conference of 
Governmental Industrial Hygienists is an 
index of the uncertainty of industrial hygiene 
thinking about toxicity. The 
M. A. C. levels at present enforced in some 


beryllium 


beryllium-using operations are figures recom- 
mended by the Beryllium Advisory Commit- 
tee of the Atomic Energy Commission, Di- 
vision of Biology and Medicine, for use in 
A. E. C. projects. 

The evidence from Europe is that plants 
in Russia,* Italy,* and Germany + engaged 
in extraction of beryllium and manufacture 
of beryllium alloys have experienced and re- 


Recorded for publication April 7, 1955. 
* References 2 and 3. 


+ References 5 and 6 
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ported worker illness. The illness involved 
both the upper and the lower respiratory tract 
and was in some cases fatal. Reports from 
abroad appeared in 1933 and stopped with the 
beginning of World War II. Mention was 
made in the 1936 report from Russia of ill- 
ness occurring in workers some distance from 
operations using beryllium, foreshadowing 
the American experience with neighborhood 
beryllium poisoning. 

Van Ordstrand * in 1943 described chemi- 
cal pneumonia in a beryllium extraction and 
alloy-manufacturing plant in Ohio. Shilen 
and associates * reported respiratory ailments 
and dermatitis from similar operations in 
Pennsylvania in 1944. Restudying these re- 
ports and the 1945 report of Van Ordstrand 
and his group,® in which they described their 
clincal findings under the general term of 
beryllium poisoning, one is greatly impressed 
that the clincal features and work exposures 
are identical in the European, Pennsylvania, 
and Ohio reports. Shilen’s observation that 
the illness he found was due to acid fumes 
rather than beryllium compounds is a minor- 
ity opinion. Illness experience associated with 
the wide variety of exposure to acid fumes 
in many industries does not support his con- 
clusion that such exposures were responsible 
for the illness he reported. Important evi- 
dence of the crucial role of beryllium in pro- 
ducing a distinctive, acute pneumonitis is sup- 
plied in the report of Aub and Grier.*® These 
authors describe a clincal picture and x-ray 
findings similar to those reported from ex- 
traction plants. The workers whose illness 
they describe were exposed to dust and fumes 
of beryllium metal and beryllium oxide. In 
the reports discussed thus far, we are dealing 
with acute illness. Such illness has been cor- 
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DISABILITY FROM EXPOSURE TO BERYLLIUM COMPOUNDS 


related with intensity of beryllium exposure 
by Eisenbud and associates."! 

The worker suffering from acute beryllium 
poisoning, unless overwhelmingly exposed, 
will recover when removed from the con- 
taminated working atmosphere and given 
rest and oxygen as needed. To clinch the cor- 
relation of beryllium exposure with such 
acute reaction in the respiratory tract, Stok- 
inger and his associates ’* have shown by 
careful and convincing animal studies that 
beryllium is the causative agent. A final cor- 
roboration of cause and effect lies in the fact 
that beryllium extraction and alloy-manu- 
facturing plants that have adopted industrial 
hygiene measures no longer report cases of 
acute respiratory tract disease except in the 
event of breakdown of protection equipment. 

Much more complex is the evaluation of 
the disease called by our group beryllium 
poisoning, by others berylliosis or pulmonary 
granulomatosis of beryllium workers. Earlier, 
Gardner liked the term generalized pulmo- 
nary granulomatosis or beryllium sarcoid. 
As our knowledge grows, this latter term 
seems useful. In Europe, this chronic in- 
dustrial disease has been termed chronic 
large-celled pneumonia and pulmonary scle- 
rosis. 

To review fully the published references to 
chronic disease following beryllium exposure 
would be tedious. There are well-documented 
reports of worker illness, with common clini- 
cal features, x-ray findings, lung function dis- 
turbance, and pathological pictures held to- 
gether by beryllium as the common etiology. 
To reach a common ground in judging evi- 
dence for the existence of such a disease, let’s 
agree for this meeting on criteria for a diag- 
nosis of chronic beryllium poisoning. The 
establishment of real beryllium exposure 
either by exact epidemiological evidence or 
measurement of beryllium level in working 
atmosphere and/or by the finding of beryl- 
lium in body fluids or tissue, together with a 
characteristic granulomatous, pathological re- 
action, will serve as diagnostic criteria. The 
industries reporting such evidence of worker 
illness are those engaged in beryllium extrac- 
tion, alloy manufacture, fluorescent- and 


neon-powder mixing, lamp manufacture and 
salvage, beryllium metallurgy, manufacture 
of x-ray-tube windows, brass-tube manufac- 
ture, various ceramic operations, radio-tube 
manufacture, and atomic energy development. 
No disease is known to us in processing beryl 
ore or in the use of finished beryllium alloys 
containing less than 2% of the element. Teb- 
rock and Machle '* have reported no illness 
among fluorescent-lamp workers after the 
beryllium content of the phosphor was re- 
duced below 3% by weight. This reduction 
took place in January, 1943, and beryllium 
was dropped from the phosphor altogether in 
1949. Because of the curious delay in onset 
of chronic beryllium poisoning, a delay which 
can occasionally be as long as 10 years be- 
tween last exposure and appearance of symp- 
toms, Tebrock and Machle’s observation must 
wait the test of time. These same authors re- 
port that x-ray, electron diffraction, and 
crystallographic studies show that the upper 
limit of solubility of beryllium oxide in the 
phosphor lattice is about 3%, with the result 
that above 3% free beryllium oxide is present. 
Tebrock and Machle hold this compound re- 
sponsible for the illness in the fluorescent- 
lamp industry. While the evidence that beryl- 
lium oxide is present in most or all beryllium 
operations that have caused illness is striking, 
one nevertheless wonders if it can be true that 
beryllium oxide alone is harmful. 
Continuing the documentation of chronic 
beryllium disease, let us discuss the experi- 
ence in the beryllium extraction and alloy- 
manufacturing industry. De Nardi and asso- 
ciates '* have reported chronic worker cases, 
and Chesner*® chronic neighborhood cases 
from this industry in Ohio. Lieben ™ has re- 
ported cases, previously discussed by Jack- 
son,'® of chronic beryllium disease in men 
working in a brass foundry using a beryllium 
alloy containing about 4% of the element. 
The sick workers were exposed to beryllium- 
containing scrap dust and to the fumes from 
the melting of the alloy. Goldwater t has 
seen worker illness from the Pennsylvania 


Goldwater, L..: 
the author. 


Personal communication to 
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industry manufacturing beryllium alloys 
which he believes can be properly documented 
as beryllium disease. Through the kindness 
of Dr. John Bisbing, of Reading, Pa., we 
have recently studied the illness of a worker 
who was engaged in the manufacture of beryl- 
lium alloys from 1940 to 1942. This patient 
worker fulfills the criteria of chronic beryl- 
lium poisoning. Dr. George Chamberlin, also 
of Reading, Pa., presented an exhibit at the 
Pennsylvania State Medical Society Meeting 
in November, 1954, of seven cases he diag- 
nosed as berylliosis. With these clinical re- 
ports, it seems fair to conclude that the Penn- 
sylvania extraction and alloy-manufacturing 
industries have had illness experience asso- 
ciated with exposure to certain beryllium 
compounds similar to that reported from 
European and Ohio industries engaged in 
these same operations. In reviewing the three 
reports of Shilen and his colleagues—one 
published in 1944,5 one in 1949,1* and the 
most recent in 1954,’ a reasonable interpre- 
tation may be that this group concluded, 
erroneously in our opinon, that the worker 
illnesses designated as beryllium poisoning 
by European and Ohio observers were due 
to inhalation of acid fumes. In the 1954 anal- 
ysis of their findings, Shilen’s group not only 
failed to include medical follow-up of work- 
ers no longer at the plant but also did not 
mention that experience of physicians in the 
community who might be caring for possible 
cases of chronic beryllium poisoning was 
sought. We know that because of delay in 
onset patients with chronic beryllium poison- 
ing are seen first by the family physician, 
rarely by the plant physician. Frequently, 
community tuberculosis sanitaria staffs dis- 
cover cases of berylliosis through routine 
chest x-ray surveys and because the disease 
can be readily confused with miliary tuber- 
culosis. From this case-finding experience, 
we infer that Shilen’s report of 1954 is in- 
complete, and therefore the implied con- 
clusion that there are no cases of chronic 
beryllium poisoning in workers from the 
plant studied is not justified. 

In addition, evidence has accumulated that 
beryllium compounds are capable of an ex- 
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traordinary number of reactions, chronic as 
well as acute, in the experimental animal. 
Schepers,§ of the Saranac Laboratory, in 
recent correspondence, has furnished the in- 
formation that pulmonary carcinomata of a 
triple variety appear with consistent fre- 
quency after about 14 months in rats exposed 
to beryllium sulfate for a minimum period of 
six months. Assuming by analogy with what 
happens in the experimental dust diseases 
that one month of a rat’s life may be equated 
to a year of a human life, Schepers points out 
that we may shortly expect to know if respi- 
ratory tract neoplasm will appear in the 
worker population exposed to certain beryl- 
lium compounds. We have at present no clini- 
cal evidence of malignant neoplasm in the 
respiratory organs in persons with chronic 
beryllium poisoning. To my knowledge, there 
are as yet no studies of the incidence of lung 
neoplasm in a beryllium-exposed population 
free from evidence of beryllium disease. 

In summary, epidemiological, industrial 
hygiene, clinical, and animal experimental 
evidences document the conclusion that dis- 
tinctive disease occurs in beryllium-using in- 
dustries, exclusive of those using finished low 
beryllium alloys (less than 2%) and those 
engaged in mining beryl ore. There is ade- 
quate evidence that no beryllium extraction 
and alloy-manufacturing industry in the 
United States, of which we have knowledge, 
is completely free of the worker illness, ful- 
filling the criteria laid down in this paper for 
the diagnosis of chronic beryllium poisoning. 

Knowledge of the man-made disease, beryl- 
lium poisoning, berylliosis, or whatever name 
you like, is less than 20 years old, counting 
all reports, and only 10 years old in the 
United States. The particular point to be 
made in the second half of this report is that, 
as a consequence of its newness, the clinical 
characteristics, life history, x-ray and patho- 
logical variants of this disease are still un- 
folding. Since this is true, it is not accurate 
to speak of a classic case of beryllium poison- 
ing or to insist that a particular case cannot 


§ Schepers, G. W. H.: Personal communication 
to the author. 
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be berylliosis because the clinical course ap- 
pears unusual. To illustrate the presently 
known clinical syndromes for the 1955 Sara- 
nac Symposium, the following temporary 
classification of beryllium disease, based on 
our clinical experience at the Massachusetts 
General Hospital, is prepared. This descrip- 
tive classification embodies a clinical concep- 
tion based primarily on the patient’s ability 
to do his usual work. To illustrate the pic- 
ture of chronic beryllium disease, an example 
of a case in each category will be given. 


I. BERYLLIUM EFFECT—NO DISABILITY 


Beryllium effect without disability is illus- 
trated by the case of B. D., a young Italian 
woman of 33 years. She was exposed to un- 


Classification of Beryllium Disease 


I. Beryllium effect—no disability 

II. Beryllium effect—probable disability 
Mildly symptomatic beryllium disease 
Moderately disabling beryllium disease 
V. Severely disabling beryllium disease 
Completely disabling beryllium disease 
Recovery from beryllium disease 


(A) With residual evidence of irreversible 
pathology 


(B) With no evidence of disease 


known amounts of beryllium-containing phos- 
phor, off and on, for eight years, beginning in 
1940. During a routine chest x-ray survey 
conducted by the plant where she worked, 
abnormalities, such as are seen on the film, 
were noted four years ago. These changes 
were reported as fine mottled bilateral in- 
crease in densities from the hilum to the 
periphery. Careful study in two hospitals and 
lung function studies revealed no other ab- 
normalities. The worker has no complaints. 
She leads her usual life, hindered only by 
anxiety, because she knows of the illness and 
subsequent death of several young women 
with whom she worked at jobs similar to her 
own. This represents a beryllium effect not 
productive of symptoms, because the process 
does not involve enough tissue to embarrass 
function. The pressing question is whether or 
not the process by exacerbation will produce 


symptomatic disease or by irreversible fibrotic 
pulmonary change gradually diminished lung 
function. We have followed a simlar case for 
10 years without the patient as yet develop- 
ing symptoms. 


II, BERYLLIUM EFFECT—-PROBABLE DISABILITY 


An allied category has been arbitrarily 
called beryllium effect with probable dis- 
ability. This group, in our experience, is 
growing in size. The case used for illustration 
is that of a 37-year-old engineer, previously 
in good health, who, after a respiratory in- 
fection in 1950, was found to have dramatic 
chest x-ray changes. Pulmonary tuberculosis 
was carefully ruled out. The patient was re- 
ferred to us for study because of a history of 
16 months’ intimate exposure to fluorescent- 
lamp-manufacture operations. Beryllium in 
the urine established exposure. The man was 
under great strain because of watching his 
wife die a slow and painful death due to 
cancer. His chief complaint was fatigue and 
some weakness, and, if pressed, he thought 
he was a little dyspneic on real effort. Lung 
function study showed slight increase in 
residual air. In 1955 this man feels well. His 
present problem is that he finds difficulty in 
getting a job because of his chest x-ray 
changes. The amount of change shown on 
x-ray and the mode of onset make it likely 
that functional disability will appear and pro- 
gress. In addition, the employment handicap 
of the abnormal chest x-ray may be rated as 
a kind of disability. 

III. MILDLY SYMPTOMATIC BERYLLIUM 

DISEASE 


The next group of workers, suffering from 
what has been designated as chronic beryl- 
lium poisoning with mild disability, is also 
growing. A typical example is a 32-year-old 
man who worked in beryllium-alloy manu- 
facturing between 1940 and 1942, during 
which period he had a vesicular rash with 
itching. The skin reaction was mild and did 
not prevent him from continuing his work. 
In 1953 a diffuse mottling of both lung fields 
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was seen by x-ray. This coincided with a 
severe respiratory infection, a slight weight 
loss, and the onset of cough and dyspnea on 
exertion, accompanied by intermittent low- 
grade fever. Lung function study in 1954 re- 
vealed increased arterial oxygen difference 
at rest as well as on exercise. Biopsy of the 
lung revealed pathology consistent with a 
diagnosis of beryllium disease, and the ele- 
ment was found in the lung on spectrographic 
analysis. 


This man works every day, repairing air- 
planes. He is, however, aware of dyspnea on 
effort, increased when he has a respiratory 
infection. As in the previous category, men 
in this group have trouble finding jobs and 
understandably become anxious about their 
future. Since considerable pathology is pres- 
ent, it seems likely that pulmonary reserve 
is constantly being decreased by irreversible 
fibrotic change. 


IV. MODERATELY DISABLING BERYLLIUM 
DISEASE 


In the group of cases suffering moderately 
disabling beryllium disease, we are concerned 
with medical management now that cortisone 
has been shown to improve lung function. To 
illustrate this group, the case of S. A., a 34- 
year-old accountant, is presented. During 
1943-1944 he spent 30 weeks in a fluorescent- 
lamp-manufacturing plant as a cost clerk. 
During this time he was in all parts of the 
plant. Beryllium, found in the urine, corrobo- 
rated this exposure history. In 1948, S. A. 
lost 20 Ib. and developed a cough and grad- 
ually increasing dyspnea. The chest x-ray, 
when we first saw him in 1952, was reported 
as showing reduction in size of both upper 
lobes and extensive emphysema with bleb 
formation in both lower lobes, while through- 
out both lung fields there was finely mottled 
increased density. Lung function studies 
showed abnormalities in all values. The EKG, 
at first normal, now shows evidence of right 
ventricular hypertrophy. 

After several hospital trials with cortico- 
tropin and cortisone, this patient is able to 
lead an ambulatory but restricted life. With 
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the aid of 75 mg. of cortisone a day, he works 
40 hours a week but must limit his social 
activities in order to rest and has stopped his 
exercise completely. Infections increase the 
dyspnea which is not entirely under control. 
We believe that S. A. illustrates that the 
prognosis for life as well as activity is un- 
favorably altered in this group in spite of 
cortisone therapy. 


V. SEVERELY DISABLING BERYLLIUM DISEASE 


In the severely disabled group of cases of 
chronic beryllium poisoning, we include 
women who can do some housework and men 
who work intermittently at sedentary jobs. 
The severity is judged on the basis of frequent 
trips to the hospital, complications, and obvi- 
ously bad prognosis. 

M. J. illustrates this group, which is, we 
think, getting smaller in size, in part because 
of the character of beryllium disease and in 
part because of the success of long-term use 
of steroids. M. J. worked as a draftsman for 
one year in a fluorescent-lamp-manufacturing 
plant during 1940-1941. Increasing dyspnea, 
cough, and chest x-ray findings of miliary 
densities brought him to the hospital for diag- 
nostic study in 1952. Beryllium in the tissue 
and characteristic pathology were found on 
lung biopsy. This patient shows marked club- 
bing of fingers and toes, cyanosis, and sec- 
ondary polycythemia in spite of cortisone 
therapy. M. J. has shown hypercalciuria (in- 
dependent of cortisone effect) and relative 
hyperglobulinemia, evidence in support of the 
concept that beryllium poisoning is a consti- 
tutional and not exclusively a pulmonary dis- 
ease. Bouts of headache and fever, two epi- 
sodes of abnormal depositon of calcium in soft 
tissue, a fractured rib, and two serious respir- 
atory infections have complicated this man’s 
course in the past two years. Some of the 
difficulties are due to cortisone effect, but 
without the drug the patient is completely 
disabled. With encouragement the patient 
works about half time as a draftsman. Should 
he work at all? For his morale we believe 
that he should, but there is certainly strain 
on his right heart. In this group cortisone 
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prolongs life and makes the patient more 
comfortable but probably does not change 
the outcome. 


VI. COMPLETELY DISABLING BERYLLIUM 
DISEASE 


It is possible that there are too many 
groups in this presentation, but this grouping 
has been done deliberately to emphasize 
the broad spread of the clinical picture of 
beryllium disease and the relationship of 
these syndromes to disability. The extraor- 
dinary tenacity to life of the completely dis- 
abled cases of chronic beryllium poisoning is 
illustrated by F. A. This young woman 
worked in fluorescent-lamp manufacturing 
from 1940 to 1943. Cough began in 1943; 
weight loss, dyspnea, and marked x-ray 
changes followed, until by late 1945 the pa- 
tient was unable to do anything except the 
lightest housework. From 1947 on she has 
been a total invalid, completely dependent on 
oxygen therapy. To compress a long story, 
she has had episodes of spontaneous pneumo- 
thorax, pleurisy, erythema nodosum, and 
epistaxis; she shows cachexia (weight, 75 
lb.), clubbing, cyanosis, enlarged liver, and 
evidence of congestive heart failure. Her bio- 
chemical studies show hyperglobulinemia 
now and from time to time have shown ab- 
normalities in liver function. This is the type 
of case I wrote about in 1946, when the 
fluorescent-lamp-manufacturing industry first 
reported an unusual number of cases of what 
we then named delayed chemical pneumonitis. 
Cortisone and corticotropin act in this group 
also to prolong life and increase comfort. 
However, the failure of the right heart mani- 
fests itself as the terminating complication, in 
spite of complete rest, oxygen therapy, and 
the use of steroids. 


VII. RECOVERY FROM BERYLLIUM DISEASE 


After almost 10 years of study of chronic 
beryllium disease, it is now possible to speak 
of remission and possible recovery, in con- 
trast to the desperately ill group just de- 
scribed. 

F. L., a case reported by Cass ** and also 
studied by us, represents a spontaneous, 


symptomatic recovery with residual pathol- 
ogy, He worked in close exposure to the 
early high beryllium phosphors and was ex- 
tremely disabled for 18 months with cough, 
dyspnea, and severe gastrointestinal symp- 
toms. He gradually recovered with only sup- 
portive therapy and now works steadily at a 
desk job. His chest x-ray shows fine densities 
throughout both lung fields. F. L. has passed 
three small renal calculi at intervals, a reflec- 
tion of disturbed calcium metabolism noted 
in a number of cases of chronic beryllium 
poisoning. Time alone can tell whether or not 
he will have an exacerbation of his symptoms 
and whether his obvious pathology will ma- 
terially alter his life expectancy. There are 
a small but definite number of studied cases 
with a similar history of remission. 

Finally, the case of L. B. suggests that it 
may be possible to cure beryllium disease 
with cortisone. Of course, time alone, per- 
haps, would have resulted in a similar out- 
come. L. B. is a 27-year-old woman who 
was exposed to beryllium oxide when shaking 
the material for sizing purpose during 1944- 
1945. After pelvic surgery in 1950 and a 
subsequent respiratory infection, she was 
troubled by a nonproductive cough and grad- 
ually increasing dyspnea. Her chest x-ray 
showed nodular densities from apex to base, 
bilaterally. She gradually became disabled 
because of dyspnea. In 1952 she had evidence 
of abnormal lung and liver function and was 
in bed a great deal because of shortness of 
breath and weakness. Gradually, with the 
steady use of cortisone after trials of inter- 
mittent corticotropin, she improved until in 
July, 1954, she found that she was able to 
work 40 hours a week, and her chest x-ray 
is considered to be normal. The dose of corti- 
sone has been slowly reduced. 

Clinical material similar to that here de- 
scribed is accumulating steadily. Because of 
the continuing acquisition of knowledge, it is 
impossible at present to make accurate state- 
ments as to prognosis and incidence of com- 
plications. There is no doubt that the steroids 
not only have increased comfort but also have 
lengthened the lives of patients with chronic 
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beryllium disease. Our one case suggests that 
long-term cortisone therapy may result in a 
true cure. This statement may have to be 
amended, as we learn of spontaneous com- 
plete remission in beryllium disease. 

This discussion may serve to sustain your 
interest in the unfolding facts of this ex- 
traordinary man-made disease. It may well 
prove that Gardner’s informal title of beryl- 
lium sarcoid was apt, indeed. From knowl- 
edge of this disease of known chemical etiol- 
ogy, it may be possible to study the patho- 
genesis of the sarcoid-like diseases of un- 
known etiology, which are so fascinating and 
so baffling. 


Occupational Medical Clinic, Massachusetts 
General Hospital. 


DISCUSSION 


Dr. Koven: What criteria have been set up for 
accepting a case of berylliosis for admission to the 
registry? 

Dr. Harpy: The registry is currently just being 
established, and as yet none of the cases have been 
accepted with finality. I have two physicians 
helping me who have not been intimately associated 
with the study of beryllium poisoning, and thus 
lend objectivity. In addition, there is an Advisory 
Committee, which meets annually to help us, and, 
finally, we have advice on handling the statistical 
data and proper recording from the Department of 
Preventive Medicine at the Harvard Medical 
School. 


Dr. Koven: By what means are other chronic 
pulmonary granulomata distinguished from that 
caused by beryllium? 

Dr. Harpy: I think this question should be 
answered now in terms of my opinion rather than 
what will ultimately reach the registry because of 
the above-described newness of that project. Since 
the pathologists do not agree on the specificity and 
uniqueness of the microscopic picture of beryllium 
disease, the finding of beryllium in tissue must be 
the crucial factor. This seems not unlike bacterial 
etiology, such as the finding of tubercle bacilli. 

Dr. Koven: Is the finding of beryllium in tissue 
considered diagnostic in berylliosis ? 

Dr. Harpy: If beryllium is found in tissue with- 
out pathological reaction, the presence of the beryl- 
lium is interpreted as meaning exposure. Study of 
autopsy tissue from persons who have worked in 
beryllium-using industry shows the presence of 
beryllium as might be expected. Because of our 
knowledge that beryl occurs in many places in the 
earth’s crust in this country, it is possible that 
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beryllium will be found if looked for. However, it 
seems critically reasonable that the combination of 
a granulomatous reaction and beryllium is ade- 
quate support for a diagnosis of beryllium intoxi- 
cation. It is well to point out that there is no cor- 
relation between the quantity of beryllium found 
in tissue and the pathological reaction. 
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Effects of Tale-Mining 


on the clung 


G. W. H. SCHEPERS, M.D., D.Sc. 
and 
T. M. DURKAN, M.E., Saranac Lake, N. Y. 


Talc belongs in the group of silicates that 
have been under suspicion for many years as 
a cause of pneumoconiosis. The literature 
contains a number of reports of studies which 
indicate that industrial workers exposed to 
talc dust sometimes develop changes in the 
lungs, and several investigators have used the 
term “talcosis” to describe the pulmonary 
condition produced in those exposed workers. 

Pure talc, a hydrous magnesium silicate, is 
a specific mineral, but, as Schulz and Wil- 
liams * pointed out, the word “talc” as used 
in industry usually refers to a product which 
meets certain physical requirements rather 
than to a substance of definite chemical com- 
position. In commercial talc, the mineral talc 
itself may be only a minor component. Schulz 
and Williams found that in 51 samples of 
commercial talc the amount of the tale com- 
ponent, based on the count of particles smaller 
than 10u, never exceeded 52% of the sample. 
Other prominent minerals in their samples 
were serpentine, dolomite, and tremolite. A 
review of the data on 35 “talc”? samples re- 
ceived at The Saranac Laboratory for routine 
analysis revealed that the composition varied 
widely. In 8 of the 35 samples there was no 
more than a trace of the mineral talc present, 
and all the 35 contained a substantial amount 
of one or more other components, such as 
tremolite, mica, carbonates, and clay min- 
erals. 


Recorded for publication April 7, 1955. 
Director (Dr. Schepers) and Chief Chemist 
(Mr. Durkan), The Saranac Laboratory. 
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The extent to which the mineral talc is 
responsible for the changes in the lungs is 
still in doubt. Certainly the experimental and 
clinical evidence incriminating pure talc as 
the principal etiologic agent in so-called 
talcosis has so far been much less convincing 
than similar evidence supporting the views 
that silicosis is caused by inhaled quartz dust 
or that asbestosis is provoked by inhaled 
asbestos fibers. Nor is there complete cer- 
tainty yet concerning the pathognomonic fea- 
tures of the specific talc disease. 

In spite of these uncertainties, reports on 
21 clinical and roentgenological and 13 
autopsy studies exist in the literature, com- 
mencing with the first paper by Thorel ? in 
1896. Jaques and Benirschke * have recently 
reviewed these cases. The main emphasis ap- 
pears to be on a radiological pneumoconiosis, 
ranging from diffuse bilateral reticulation 
without predisposition to tuberculosis to con- 
glomerate massive shadows frequently tuber- 
culous in nature. Clinically the disease varies 
from a benign to a rapidly developing fatal 
process, with emphasis on cor pulmonale as 
the cause of death. There may be a prolonged 
symptom-free induction period. Tuberculosis, 
emphysema, and bronchitis vary in their 
prevalence. Pathologically the condition has 
been described mainly as a dense type of 
fibrosis, with peribronchial and perivascular 
prevalence and sometimes with nodularity. 
Talc has been demonstrated in the tissues of 
some cases, and the suggestion has been ad- 
vanced that the talc shows certain erosion 
changes in the human tissue not present in 
the original state. A point which has by 
no means previously been settled concerns 
the role of substances inhaled in association 
with the talc as the cause of the disease proc- 
ess. Speculation has mainly concerned the 
effect of the quartz, which has frequently 
been demonstrable. On the other hand, cases 
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exist in which neither quartz nor tale have 
been demonstrable. 

Passing reference should also be made to 
the extensive literature on the granulomata 
associated with the surgical use of tale and 
the fact that tale lesions have been observed 
not only in the lungs but also in the peri- 
cardium, the epicardium, and the gastric 
mucosa, besides surgical wounds. It is evi- 
dent that a great deal may yet be added to 
the sum total of our current knowledge con- 
cerning this dust disease. With this object 
in mind, observations are presented in this 
paper on dust surveys conducted by The 
Saranac Laboratory of certain mines and 
mills of the tale industry of Northern New 
York State, together with the chemical find- 
ings and histopathology of eight deceased em- 
ployees from that same industry.* 

SURVEY OF DUST CONDITION 
MINES AND MILLS OF THE 
TALC INDUSTRY OF NORTHERN 


IN CERTAIN 
TREMOLITE 
NEW YORK 

The rock mined and milled in the area in 
Northern New York studied by The Sar- 
anac Laboratory, although sold as talc, is a 
mixture of tale and tremolite accompanied by 
a smaller amount of anthophyllite. All three 
minerals are silicates. The tale usually de- 
velops in thin, flexible, white laminae that 
are characteristically greasy to the touch, but 
in some samples from this area it occurs in 
fine fibers instead of the usual plates. The tre- 
molite and anthophyllite normally occur as 
coarse crystal grains, but in the area studied 

* These cases are part of a series collected by 
the late Dr. L. U. Gardner. A manuscript under 
preparation by Dr. Gardner had not been com- 
pleted by the time of his death. The present 


account is an independent study of the material 
without reference to this manuscript. 


INHALED TALC-MINING DUST 


and elsewhere those minerals sometimes 
break up into long narrow fibers and then 
exhibit the structure and properties of as- 
bestos. It should be pointed out that the term 
“asbestos” does not refer to one specific 
mineral but rather to any mineral capable of 
splitting into long, thin, flexible fibers and 
resistant to heat and chemical agents. Two 
distinct types of mineral are used commerci- 
ally as asbestos: the bulk of the product is 
chrysotile, which is a fibrous variety of the 
silicate mineral serpentine; the important 
remainder belongs to the group of silicates 
known as amphiboles and includes the var- 
ieties amosite and crocidolite. Tremolite and 
anthophyllite are also members of the amphi- 
bole group. Since the experience in South 
Africa shows that at least one of the asbesti- 
form amphiboles—crocidolite—is capable of 
causing typical asbestosis, there is reason to 
suspect that the fibrous amphiboles from the 
area studied by The Saranac Laboratory also 
might cause reaction of the asbestosis type. 
It is likewise possible that any portion of the 
tale which may be present in fibrous form 
might have a similar effect on tissue. 
Representative samples of the mine product 
from three mines and of ground tale from 
two mills in the area were analyzed by 
chemical, petrographic, and x-ray diffraction 
techniques. The results appear in Table 1. 
At the same time samples of air-borne dust 
were collected with an electrostatic precipi- 
tator in two of these three mines, near a 
miner operating a jackhammer drill, and in 
the working area of both mills. Later preci- 
pitator samples were collected in the third 
mine also. Analysis revealed that the dis- 
tribution of minerals was somewhat different 
in the atmospheric samples (Table 2) than 


TABLE 1.—Composition of Mine Product and of Milled Talc from Tremolite 
Talc Industry of Northern New York 


Mine A, 
Mineral Per Cent 
20 
Tremolite.......... awe 40 
Anthophyllite 35 


Mill D used the mine product of Mines B and C, and Mill E was supplied by Mine C. 


Mine Product Milled Tale 


Mine B, Mine C, Mill D, Mill E, 
Per Cent Per Cent Per Cent Per Cent 
40 12 30 
30 35 55 55 
3 7 20 7 
3 5 s 6 
4 3 2 2 
20 <0.1 3 0.2 
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TaB_eE 2—Composition of Atmospheric Dust Collected with Electrostatic Precipitator in Mines 
and Mills of Tremolite Talc Industry of Northern New York 


Atmospheric Dust 
— 


Mine A* 
Per Cent Per Cent Mine B, Mine C, Mill D, Mill E, 
Mineral (a) (b) Per Cent Per Cent Per Cent Per Cent 
15 25 23 15 25 25 
2 2 3 40 13 13 
1 (2?) ? 3 3 10 
se 20 10 50 2 2 2 
2 7 9 0.1 2 0.2 


*The two samples of atmospheric dust from Mine A were collected in different levels of the mine. They were taken 
several months later than those from Mines B and C and Mills D and E. 


in the mine product and in milled talc. This 
finding is in agreement with previous ob- 
servations * that the composition of air-borne 
dust may differ considerably from that of 
the source material from which the dust 
originated. Even in the same mine there 
may be substantial difference in the com- 
position of the air-borne dust: one atmos- 
pheric sample collected in Mine A had a 
quartz content of 7%, while for another 
sample, taken at about the same time but in 
a different level, the quartz value was only 
2% (Table 2). This variability in the quartz 
content is illustrated again by comparing the 
analyses of various samples of rock, mine- 
product, and air-borne dust taken in Mine 
A and in Mine B (Table 3). It will be 
noted that the per cent of quartz in the Mine 
A samples ranged from 21% to 0.3%, and in 
the Mine B samples from 41% to 9%. 

This matter of quartz content is men- 
tioned in some detail: first, because previous 
investigators ° have reported that they found 
only a negligible amount of quartz in sam- 
ples of rock and of ground material from 
this area; second, because it has been dem- 
onstrated (Table 4) that at least some quartz 
was present in the lungs of one miner and 
one miller from this local industry who had 
no other industrial exposure to dust, and, 
third, because quartz is a known pulmonary 
pathogen. The quartz may not be uniformly 


distributed throughout the entire tremolite 
talc bed, but the analyses in Table 3 show 
that it can be present in substantial amount. 
Owing to erratic distribution, the quartz de- 
posits may be missed by random sampling. 

In attempting to take cognizance of the 
potential pathogenic role which may be 
played by the quartz in the talc, sight must 
not be lost of the fact that the quartz found 
in the lungs of deceased miners who had also 
worked in other industries may have been 
derived from exposures in those industries. 


CHEMICAL AND PETROGRAPHIC STUDY OF 
THE LUNGS OF EIGHT DECEASED 
TALC-INDUSTRY EMPLOYEES 


The series of autopsy specimens studied 
consisted of the lungs of seven miners and 
one miller from the tremolite tale industry. 
All the miners had been engaged in drilling 
rock for periods ranging from 10 months to 
27 years. The mill worker (Case 3) had 
been employed for six years, but, as his body 
had been exhumed for study 18 months 
after his death, the findings are only of lim- 
ited value. A portion of the autopsy ma- 
terial was taken for gross specimens and for 
histologic examination, and the balance was 
reserved for chemical, petrographic, and 
x-ray diffraction examination. For the com- 
ponent chemical analysis and a few of the 
mineralogical analyses, samples of tissue 


TasLe 3.—Quartz Content of Rock, of Mine Product, and of Atmospheric Dust from Mines A and B 


0.3 


Atmospheric dust 


Quartz Content 


Mine B, Per Cent 


11 ll 19 oe 13 oe oe 41 oe os 
os oe 4 21 oe oe ee ee 20 «21 
9 ee oe oe 10 17 9 ee ee ee 
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TaB_E 4.—Analysis of Lungs of Industrial Workers Exposed to Dust in the Tremolite Talc 
Industry of Northern New York 


Autopsy Case No. 1 2 3 5 5 6 6 7 8 
Right Left Right Left 
% % % % %o % % % % % 
Ash, per cent of dried tissue............cccscsecees 17.41 11.82 17.60 850 1241 13.02 647 745 469 5.72 
Mineral Constituents, Per Cent of Ash 

Minerals 
33.1 8.5 2.3 7.5 14.9 8.0 3.2 2.4 
Nt 18 14 2 4 2 

Mineral Constituents, Per Cent of Dried Tissue 

Minerals 
5.8 1.0 0.4 0.6 1.8 0.5 0.2 01 
Tr 24 4.4 15 1.2 0.3 0.5 1.1 
eae en Nf 0.9 2.5 1.5 a7 01 0.2 01 
Nf 0.2 2.1 0.7 0.5 0.2 0.2 04 

Component Analysis, Per Cent of Ash 

Components 
63.1 40.0 51.6 36.0 52.1 52.6 29.4 33.5 17.9 26.1 
4.4 4.8 1.5 5.6 11.0 9.2 14.1 15.9 6.1 7.1 
11.9 64 10.5 2.1 8.1 7.9 54 6.0 0.9 2.4 
6.7 21.2 6.1 16.1 8.8 8.3 21.4 17.2 31.3 25.3 
0.8 4.8 3.7 3.4 2.5 2.1 3.0 2.0 3.0 48 
3.3 15.5 15.8 16.2 12.0 12.9 3.4 4.7 7.6 8.4 
and 4.0 4.9 3.1 10.0 3.2 3.2 6.6 6.4 11.8 8.9 
Nf—none found. 


were removed from representative portions 
of the lungs and mixed. The samples were 
then dried overnight at 105 C and ashed in a 
muffle furnace. Most of the mineralogical 
determinations were based upon other mixed 
portions of tissue digested with 30% hydro- 
gen peroxide by the method of Sundius and 
Bygden *® to avoid the alteration in mineral 
structure sometimes caused by dry ashing. 
The results of the chemical and mineralogi- 
cal determinations are shown in Table 4. 
It should be pointed out that the values given 
for some of the minerals are only approxi- 
mate estimates. The quartz content was 
determined by a special chemical and petro- 
graphic method and is fairly accurate, but 
the values in the table for talc, tremolite, and 
anthophyllite may be somewhat above or 
below the true value. 


PULMONARY HISTOPATHOLOGY ASSOCIATED 
WITH TALC-DUST EXPOSURE 

Though our series of eight cases appears 
limited, we were particularly fortunate in 
having available for study such a diversified 
range of dust exposures and lung lesions 
(Table 5). At the one end of our scale we 
have Case 1, with but 10 months’ exposure to 
talc dust as a miner and 17 years’ general 
mining. At the other extreme is Case 8, with 


27 years’ tale mining exposure and 10 years’ 
general mining. 

The associated exposures included service 
as miners of zinc, lead, coal, and iron py- 
rites. This helps to elucidate the essential 
tale reaction, as the normal result of exposure 
to dust hazards in mines of the latter types is 
fairly well understood. 

Our best fortune, however, for the present 
purpose is Case 7, a person who had worked 
23 years only as a tale miner before dying 
from an unrelated cause without any inter- 
current superimposed pulmonary disease. 
This case may therefore serve as a classical 
example of a tale miner pneumoconiosis. 

Case 3 would have been equally valuable, 
as this worker had been exposed during his 
six years of employment as a surface crusher 
man and mill sweeper. Unfortunately, the 
studies were not made until his body was 
exhumed 18 months after burial, and so not 
much detail was preserved. 
confirms certain essential points. 


However, it 


FUNDAMENTAL PULMONARY TALC 
REACTION 
The primary reaction present in Case 7 
consists of multiple irregularly shaped foci 
(1 to 3 mm. in diameter) comprised of vir- 
tually pure fibrocytic proliferation and macro- 
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Tas_e 5.—Industrial Exposures, Causes of Death, and Pulmonary Pathology in Eight Deceased 
Tremolite Talc-Industry Employees 


Dominant Pulmonary Lesions 


Dust Exposure Age — — $$$ 
Case ——_—__—— —~ at Cause of Tale 
No. Tale Other Death Death Pneumoconiosis Silicosis Infection 
1 Mine Zine mine ? Cor pulmonale Fibrocellular, with Advanced diffuse, Nil 
? 10 yr. perivascular with hyalinization; 
10 mo. Unknown granulomatosis isolated nodules 
7 
2 Mine Lead mine 38 Cor pulmonale Massive diffuse Diffuse with focal ? Histoplasmosis 
Drilling 2 yr. fibrocellular necrosis 
4 yr. Iron mine 
3 48 Diffuse dominant- Nil Basal lobes tuber- 
Crusher ly cellular peri- culosis 
2 yr. vascular 
Sweeper 
4 yr. 
4 Mine Zine mine 49 Tuberculosis Massive fibro- Massive confluent Chronie basal tuber- 
Drilling 8 yr. cellular and multifocal culosis with 
14 yr. bronchogenic spread 
5 Mine Coalmine il Cor pulmonale Multifocal massive Confluent nodular Tubereulosilicosis 
Drilling 2 yr. fibrocellular and massive with necrosis 
16 yr. Iron mine fibrocellular 
2 
6 Mine Zine mine 52 Tuberculosis Diffuse massive Tuberculosilicotie Tuberculosilicosis 
? 2 yr. fibrocellular with cavitation 
17 yr. Pyrites 
8 yr. 
7 37 =Nephritis with Perivascular dis- Nil Nil 
9 eardiae failure crete focal 
23 yr. 
8 Mine Mining 60+ Congestive Diffuse fibro- Massive multifocal Nil 
? 10 yr. cardiac failure cellular 
27 yr. 


phage accumulation. The cellular deposit 
tends to be arranged in a stellate manner 
around medium-sized and smaller blood ves- 
sels (Fig. 14). There is fairly abundant 
visible pigment, which either is found within 
isolated koniophores or seems to lie in the 
interstices between the fibrocytes. Some of 
these particles are brilliantly birefringent 
and may be present as spicules, some of which 
measure 0.54 by 5p (Fig. 1B). 

These characteristic macules are easily dis- 
tinguished from isolated mature silicotic 
nodules which are also present. Some of the 
latter possess a halo of cellular elements and 
are probably composite tale and_ silicotic 
lesions (Fig. 42). 

Elongated terminally clubbed _ bodies, 
measuring 20u to 50 long and in no obvi- 
ous respect distinguishable from asbestos 
bodies, are present in fair abundance (Fig. 
7) mainly within alveoli, where they tend 
to occur in clusters held together by konio- 
phores (Fig. 84). A moderate number also 
occur among the fibrocytes, and in these sites 
where there are fewer dumbbell types, there 
are also more instances of degenerative 
changes. The intra-alveolar “tale bodies” 
are generally stained intensely by means of 
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Prussian blue, while those which lie among 
the fibrocytes may be losing their iron-con- 
taining sheaths as the Prussian blue reaction 
is fainter and more widely dispersed. Many 
of the koniophores in the alveoli show this 
blue staining too. 

The larger blood vessels trapped within 
these foci do not show much deviation from 
the normal. It should be clearly appreciated 
that the focal lesions appear as isolated 
macules in section only and really represent 
cellular sheaths accompanying the blood ves- 
sels for variable distances. The smaller 
arterioles may show some endarteritis ob- 
literans, and rarely a tale body may be found 
embedded in the vascular walls. The fibro- 
cytic infiltrate abuts directly on the vascular 
adventitia. However, there is no appreciable 
modification of the lamina elastica of the 
blood vessels. Capillary circulation through 
the fibrocytic masses is poorly developed. 

But little collagen is laid down among 
these fibrocytes. The supporting stroma in- 
stead consists of a delicate web of reticular 
fibers embracing groups of fibrocytes rather 
than subtending individual cells (Fig. 24). 
Elastic tissue is absent from the centers of 
the cellular areas (Fig. 4A). 
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Fig. 1.—Primary lesion: tale mine dust exposure only. 4, perivascular cellular aggregation. 
B, high-power view, showing massed macrophages and fibrocytes and tale spicules. 


Fig. 2—Stroma of perivascular deposits of talcosis. A, reticulum supporting the macro- 
phages and fibrocytes in the primary lesion, with tale components only (low quartz content in 
lung ash). B, collagen abundantly deposited with fewer cells (high quartz content in lung ash). 
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Fig. 3.—Perivascular fibrosis in talcosis. A, abundant fibrocellular reaction around vessel 
(moderate quartz content in lung ash). B, marked collagen deposition with paravascular nodule 
(high quartz content in lung ash). 


Fig. 4.—Parenchymal nodules found in talcotic lung. A, dominantly cellular nodule, with 
central amorphous change and talc bodies (low quartz content in lung ash). B, hyalinized 
whorled nodule, with peripheral cellular reaction (high quartz content in lung ash). 
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At isolated sites focal necrosis has super- 
vened within the cellular areas. There is no 
apparent zonulation around these necrotic 
areas or any tendency to collagen deposition 
or caseation. No suggestion of tuberculosis 
exists, and the cause may be ischemic in view 
of topographically evident arteriolar occlu- 
sion or luminar narrowing. On the other 
hand, the histological features are highly 
suggestive of histoplasmosis. 

The perivascular fibrocytic deposits tend 
not to invade adjacent alveolar walls in mas- 
sive columns, though large numbers of alveo- 
lar walls are moderately thickened owing to 
cellular infiltrates, and this change is the 
more evident at the points of junction of in- 
dividual septa. At isolated points the alveo- 
lar walls are inclined to be thin, but there is 
only a slight tendency toward rupturing, as 
alveolar spaces are inclined to be moderately 
reduced in diameter. The resultant tendency 
to atrophic emphysema is most distinct 
toward the lung periphery. 

Septal cells are not conspicuously devel- 
oped, and there is no evidence of macrophage 
or septal cell catarrh into the alveolar spaces. 
Virtually no excessive collagen is present 
within these alveolar walls, but a delicate 
reticular skeleton supports its center. Elastic 
bundles are poorly represented and occur in 
a fragmented fashion among the fibrocytes. 
Alveolar wall capillaries are occluded along 
some stretches where fibrocyte deposition is 
particularly abundant, but more generally the 
capillary circulation is undisturbed. 

Columns of cellular reaction accompany 
the interlobular septa to the pulmonary pe- 
riphery, thus producing a coarsely webbed 
sectional effect. There is more collagen in 
these septa than elsewhere (Fig. 115). The 
pleura shows slight cellular infiltration and 
mild collagen deposition internally to the 
lamina elastica. Numerous tale bodies may 
be found here, and some can be seen to par- 
tially penetrate the elastica. Superficial to 
the latter, a vascular zone of fibrocellular re- 
action of variable thickness is to be seen. 
Isolated silicotic nodules occur in this zone. 
It is covered by mesothelium (Fig. 12). 


DUST 


Lymphoid tissue is scantily present in the 
lungs, and the granulomatous reaction ap- 
pears to avoid these foci almost completely, 
though these granulomata may abut on such 
lymphoid tissue. The hilar lymph nodes show 
hardly any hyperplasia and exhibit minimal 
pigmentation only. No tale bodies are to be 
found. However, minute circumscribed sili- 
cotic nodules are present. 

Many of the bronchioles and some of the 
smaller bronchi are markedly distended and 
distorted and are the seat of chronic inflam- 
matory change without, however, any ma- 
terial impairment of the epithelium (Fig. 
9B). The latter indeed tends to be hyper- 
trophic, with goblet cells predominating. The 
bronchial glands are also somewhat hyper- 
plastic. A little plasma cell infiltration into 
the mucosa is evident, but there is no collagen 
deposition. The muscularis mucosae does not 
seem to be hypertrophic, because its com- 
ponent columns are so widely separated. 
However, this is illusory, and there is in 
reality fairly well-marked muscular hyper- 
trophy. Sometimes this is focal in distribu- 
tion (Fig. 94). How effectively this muscu- 
lar system may operate is left in some doubt, 
in view of the patent invasion of the bron- 
chiolar adventitia by fibrocytes at many sites, 
as the peribronchial veins and arteries are 
similarly invested by the proliferating reac- 
tion. 

MODIFIED TALC LESIONS 


The basic lesion just described may be 
recognized throughout this series of cases, 
though modified by the associated pathologi- 
cal processes induced by other dusts. It is 
the more remarkable to note that the cellular 
proliferative phenomenon is present even 
in Case 1, where the history of tale-dust ex- 
posure is as short as 10 months, and persists 
in virtually similar form not only in Case 7, 
with a history of 23 years of tale exposure, 
but also in the instance of Case 8, where 
there was a 27-year talc-exposure history, 
together with 10 years’ exposure to dusts 
encountered in zinc and lead mining. 

There may be a greater tendency toward 
the formation of massive lesions and sub- 
pleural reaction where there is an associated 
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Fig. 5.—Parenchymal cellular deposits in talc miners. A, loose cellular web, with atropiic 


alveoli (moderate quartz content in lung ash). B, pigmented iron-staining stellate cellular deposit 
(moderate quartz content in lung ash). 


Fig. 6.—Stromal reactions in talcosis. A, pigmented fibrocellular granulation tissue, with 
atrophic alveoli (moderate quartz content in lung ash). B, dense diffuse fibrosis, with surviving 
elastic skeleton of occluded blood vessel (high quartz content in lung ash). 
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Fig. 7—“Talc” bodies in human lung tissue. 4, slender elongated “talc” bodies embedded 
in fibrous tissue. B, short dumbbell body partly engulfed by a macrophage and showing intense 


iron staining. 


Fig. 8—Talc bodies in human lung tissue. 4, accumulation of koniophores, showing a high 
degree of iron staining and containing short lengths of tale fibers. B, tale body among erythro- 


cytes within the lumen of a blood vessel. 
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quartz reaction. In Cases 2 and 6, collagen 
formation is restricted to a minimum and 
the supporting stroma tends to be of a reticu- 
lar nature of variable density. In Cases 1, 
5, and 8, there is a greater tendency toward 
collagen formation. It is to be noted that of 
these cases Cases 1 and 5 yielded a relatively 
high value for quartz in the lung tissue but 
Case 8 showed a very low quartz level. Bire- 
fringent quartz particles are a prominent fea- 
ture of the tissues in Cases 1 and 5 and are 
but poorly demonstrable in other instances. 

The interstitial alveolar wall reaction is 
also more marked in the cases with heavy 
quartz-dust exposure, and there is consider- 
able collagen deposition even with some hya- 
linization in Cases 1, 2, 5, and 8. Indeed, in 
these cases the alveolar wall involvement is so 
pronounced as to overshadow somewhat the 
essentially perivascular distribution of the 
underlying talc reaction. 

The damage sustained by the alveolar walls 
is further modified by the presence of quartz 
particles which involve marked macrophage 
and plasma cell infiltration, marked enlarge- 
ment and proliferation of the superficial sep- 
tal cells, often associated with cellular catarrh 
into the alveolar spaces, and finally moderate 
to marked impairment of the capillary circu- 
lation through these alveolar walls. The latter 
is not, however, a constant phenomenon, and 
there may be advanced alveolar wall disease 
without appreciable loss of capillaries (e. g.. 
Case 6). 

When collagen is present, it fails to be 
arranged in the form of silicotic nodules in 
all but rare locations (e. g., Cases 1 and 5). 
Incipient fibrous whorls are present also in 
Cases 2 and 8. Some lie against blood vessels 
(Fig. 3B). It seems possible that the abun- 
dantly cellular tale reaction is incompatible 
with the complete evolution of the nodular 
silicotic lesions. 

Subpleural deposits follow the same pat- 
tern, being most marked where exposures to 
both talc and quartz have been considerable. 
The resultant lesion is, however, an exag- 
geration of the primary tale reaction except 
for the greater prominence of the collagen 
where quartz is abundantly present. 
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tially, then, there are three cortical zones, 
viz., a fibrocellular internal component which 
may be variably pigmented and which may 
contain distended bronchioles, an intermedi- 
ate exaggerated lamina elastica, and an ex- 
ternal highly vascular fibrocellular layer usu- 
ally covered by mesothelium (Fig. 122). 

The parenchymal stroma is considerably 
exaggerated in the presence of a quartz reac- 
tion superimposed on the tale phenomenon 
(Fig. 5). This is largely a perivenous 
change, and within these linear columns of 
fibrosis partially or wholly occluded blood 
vessels may be seen, sometimes so effectively 
incorporated within the scars as to be be- 
trayed only by their residual elastic tissue 
skeletons (Fig. 6). 

Vascular damage is indeed very much 


- more in evidence in those cases with the long- 


est history of hard-rock mining or where the 
highest free-silica content was discovered. 
Two essential processes are present, namely, 
an endothelial proliferation in the least ves- 
sels ending as endarteritis or endophlebitis 
obliterans and a periarteriolar fibrocytic pro- 
liferation, with fibrotic stricturing or partial 
invasion of the muscular coats (Figs. 2B, 
3B, 10, 11). This process is present in its 
most exaggerated form in Cases 1 and 6, in 
which multiple periarteriolar granulomata 
may be found. Such lesions cause marked 
pulmonary ischemia, the more so as the le- 
sions are not limited to the pulmonary circu- 
lation but may also involve the bronchial 
vascular system at numerous points, thus 
effectively precluding establishment of any 
collateral circulation. 

While the essential reaction to tale ap- 
pears to include exaggerated distention of 
bronchioles and smaller bronchi, this change, 
though present in a variable degree in all 
cases of the present series, is not universally 
observed throughout the lungs where reac- 
tion to quartz dust is concurrently present. 
Instead, there is a tendency toward narrow- 
ing of the bronchial lumen, epithelial desqua- 
mation, mucosal hypertrophy, sometimes 
with papilloma formation, and inflammatory 
infiltration, with adventitial fibrosis and 
cicatrization at multiple sites where exposure 
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Fig. 9—Bronchial damage in talcosis. 4, irregular focal proliferation of muscularis mucosae 
(low quartz content in lung ash). 3B, submucosal fibrosis, with lymphatic distention but no 
injury to the epithelium (moderate quartz content in lung ash). 


Fig. 10.—Vascular damage in talcosis. 4, perivascular fibrosis and intimal swelling (high 
quartz content in lung ash). B, talcotic nodules in the walls of blood vessels (low quartz 


content in lung ash). 
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to quartz dust was adequate. This combina- 
tion of chronic hypertrophic bronchitis, oblit- 
erative bronchiolitis, and the peripheral bron- 
chiolectasia superimposed on the fibrocellular 
changes throughout the lungs may lead, on 
the one hand, to extensive areas of partial 
atelectasia of the relevant lung fields or, on 
the other, may be associated with the develop- 
ment of multiple epithelium-lined peripheral 
cysts. The latter are essentially ballooned-out 
terminal segments of the respiratory passages 
and may be readily distinguished from em- 
physematous bullae by the presence of the 
epithelial lining, the residual basement mem- 
brane, and the irregular presence of support- 
ing muscle fibers. True emphysema is rela- 
tively infrequently seen and, when present, 
consists of the atrophic vesicular variety. 
The differential involvement of lymphoid 
tissue in the reaction to tale dust and to tale 
dust combined with quartz dust is clearly 
demonstrated in the present series. Whereas 
the tale reaction tends sedulously to avoid the 
lymphoid tissue, the contrary condition pre- 
vails when quartz is abundantly present or 
where there is an associated tuberculosis. 
Talc bodies are, however, never seen in the 
lymph nodes, and the reaction present in 
most instances is limited to medullary macro- 
phage infiltration and pigmentation. Silicotic 
or tuberculosilicotic nodules are present in 
but a few instances (Cases 1 and 5). Despite 
the fact that multiple nodules and necrotic 
foci are present in the lung substance, the 
hilar node involvement is not marked. This 
state of affairs is the reverse of what prevails 
in the presence of exposure to quartz dust 
unaccompanied by an exposure to tale dust. 
One is consequently inclined to infer that the 
simultaneous presence of talc dust and quartz 
dust in the lungs militates against the trans- 
portation of the quartz dust to the hilar nodes. 
Alternately, though talc bodies are not seen in 
the hilar nodes, their liberal transference is 
not yet precluded, and the inhibitory tendency 
of the tale on the silicotic reaction, which is 
manifest in the lung substance of this series, 
may prevail also in the lymphoid tissue. 
Necrotic foci were observed within the 
areas of cellular proliferation in Cases 2, 4, 
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5, 6, and 7. In Case 2 histoplasmosis is the 
obvious answer, while in Cases 4, 5, and 6 
the lesions are more suggestive of tubercu- 
losis or tuberculosilicosis. There is some 
tendency toward inflammatory reaction at the 
periphery of the lesions in the latter three 
cases only. On the other hand, the necrosis 
also involves the stromal elements, favoring 
histoplasmosis once more. In the majority of 
other cases, it seems possible that the necrosis 
may be explicable on an ischemic basis, either 
because the cellular hyperplasia had out- 
stripped its vascular supply or because the 
latter had been cut off through regional vas- 
cular occlusion. However, as all these cases 
came from the St. Lawrence Valley area at 
the time of an epidemic in that region, it is 
possible that histoplasmosis may be a factor. 

The process seen in Cases 4, 5, and 6, if 
tuberculous, has been modified considerably 
by the abundance of fibrous tissue and cells. 
A large thick-walled cavity, without a dis- 
tinctive fibrous capsule or even components, 
is present in the latter instance. Atypical 
tubercles are present within this wall at the 
edge of the broad inflammatory zone. While 
the temptation exists to interpret this cavity 
as tuberculous, it may represent merely a 
chronic discharging abscess. The lesion is 
also compatible with a diagnosis of histoplas- 
mosis. Attention may also be drawn to the 
marked peribronchitis and ulcerative bron- 
chitis in the passage draining this cavity, No 
tubercles were observed here. 

Pneumonic areas were observed in the 
cases with exposures to both quartz dust and 
tale dust, especially Cases 2 and 4, but not 
where only talc dust was the responsible etio- 
logical agent. This pneumonic process tends 
to show healing by organization in various 
stages of progression, and numerous talc 
bodies are thus trapped. It seems likely that 
those present in the formed lesions may have 
been incorporated in this manner through 
earlier episodes of inflammation. 


COMMENT 
The chronic or long-term effects of the 
inhalation of dusts, such as are generated in 
talc industries, are thus demonstrated by this 
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Fig. 11.—Vascular damage in talcosis. A, progressive loss of venous lumen through pro- 
gressive proliferation of intima (moderate quartz in lung ash). B, fibroelastic scar in interlobular 
septum, representing the remains of obliterated blood vessels (moderate quartz in lung ash). 


series of cases to vary considerably according other industries to which the person may 
to the extent or nature of associated dust in have been exposed, either preceding or suc- 


Fig. 12—Pleural damage in talcosis. A, diffuse fibrocellular, partly pigmented, and highly 
vascular reaction (low quartz content of lung ash). B, loose fibrous proliferation external to 
lamina elastica, with whorled nodule: tale plaque (high free-silica content of lung ash). 
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ceeding the period during which tale dust 
was breathed. 

The histopathological features enumerated 
are almost entirely explicable in terms of the 
mineralogical analyses of the lung ash pre- 
sented in Table 4. 

It is seen, for instance, that for both of our 
key cases of pure tale pneumoconiosis (Cases 
3 and 7) the quartz content of the lung ash 
(2.3% and 3.2%) was about the same as 
the corresponding value for many normal 
persons never exposed industrially to quartz 
dust. Among this series, the amount of lung 
ash of Case 7 is particularly low (4.69% of 
dried tissue), and so is the total silica con- 
tent (17.9% of ash) which includes the silica 
in the silicates present in these tissues. 

Quartz was present in Cases 1, 2, 4, 5, 
and 6 in concentrations compatible with 
nodular silicosis. Indeed, the average quartz 
content of the silicosis cases studied at The 
Saranac Laboratory is 9.3% of the lung ash. 
Cases 1 and 5, therefore, had unusually large 
amounts of quartz dust lodged in their lungs. 
Yet nodular silicosis was conspicuous by its 
absence in Cases 2, 4, and 6 and only sparsely 
present in Cases | and 5. 

Attention is drawn to the demonstrated 
presence of talc, tremolite, and anthophyllite 
in the lung ash of Case 7. There is no appar- 
ent correlation in this series between the 
length of exposure and the concentration of 
these minerals in the lung ash. 

The factor which seems most obviously to 
be responsible for the modification of the 
essential reaction to talc dust is the abundant 
amount of quartz dust coexistent with the talc 
in the pulmonary tissues. Five of the eight 
deceased talc employees had been miners also 
of lead, zinc, or pyrites. Attention is drawn 
to the minor differences in the mineral com- 
ponents of the lung ash. While we do know 
that quartz is an active pulmonary pathogen, 
we do not yet know whether the additional 
substances demonstrated (e. g., feldspar) are 
capable of playing a material role in modi- 
fying the response to either the quartz or the 
talc or are themselves pathogenic. 

It does seem permissible, however, to infer 
that the presence of talc dust in its turn modi- 
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fies appreciably the type of reaction to the 
quartz dust. Though considerable quantities 
of free silica were demonstrable in the lung 
tissue (Table 4) in some instances (Cases 1, 
2, 4, 5, and 6), there was not in this series a 
clear-cut tendency to nodular silicosis. 

Tuberculosis or histoplasmosis may have 
been a factor in the pneumoconiotic reaction 
in some of these cases. While doubt persists 
as to the diagnosis of a true infective process, 
it does seem certain that if the latter diag- 
nosis has to be accepted the presence of the 
talc reaction induced an aberrant type of 
chronic inflammatory process. 

While it has been postulated that the fore- 
going observed deviations from the primary 
process may all be due to coincidental quartz 
exposure to tuberculosis or histoplasmosis or 
to nonspecific pneumonia, reference should 
be made to the fact that there is insufficient 
knowledge in the present instances concern- 
ing the differences in the tale dusts to which 
the men were exposed or to the concentra- 
tion and rate at which the tale dust was de- 
posited in their lungs. The latter factors alone 
are known to influence the nature of the sili- 
cotic reaction which may follow exposure to 
quartz dust, and the precise composition of 
the tale may therefore necessarily be a factor 
too. In this connection it is interesting to 
note that the majority of tale bodies were in 
a range of to being somewhat longer 
and thinner than the asbestos bodies generally 
found in asbestosis. In rare instances some 
slender fibers, measuring up to 200pu, were 
also present. Terminal clubbing was a factor 
in all but two cases (Cases 2 and 3), and 
occasionally an intermediate bead could be 
seen. Segmented forms were but rarely seen. 
In all cases the mantle of the body showed an 
intense iron-staining reaction, but degenera- 
tion of this coat was demonstrable in most 
cases where the talc bodies were present in 
the newly formed fibrocellular tissue. 

In addition to the tale bodies and the 
chemically demonstrable quartz, there were in 
most instances pigment granules and birefrin- 
gent particles, spicules, and crystals within 
the interstitial tissues and in the koniophores 
trapped within alveoli. The variable abundant 
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presence of such elements at sites of maximal 
fibroid or cellular reaction may undoubtedly 
bear some relation to the differential patho- 
logical effects observed in the present series. 
The pigmented particles, though present in 
all cases, were most abundant in Cases 1, 3, 
6, and 8. Brilliantly birefringent particles, on 
the contrary, were conspicuous features 
mainly in Cases 2, 3, 4, and 8, and in this 
series large numbers of such particles were 
dispersed among the fibrocytes comprising 
the pulmonary lesions. These particles were 
identified as talc. 

The “tale bodies” described may be an indi- 
cation of the main pathogenic agent in the 
present series of cases or may be merely inci- 
dental features. Were the former to be the 
case, it would perhaps be advisable to rename 
them “tremolite bodies.” 

They were relatively sparsely represented 
in Cases 1, 6, and 8, and it is interesting to 
find that in these very three cases the tremo- 
lite content of the lung ash was least. They 
were present in greatest profusion in Cases 
3, 4, and 5, and once more the mineralogical 
analysis confirms the relatively high inci- 
dence of tremolite in these three cases 
(Table 4). The anthophyllite values, on the 
contrary, do not correspond with the histo- 
pathological findings. It may therefore be 
fairly safely inferred that the “talc” bodies 
are of tremolite origin. 

In view of the fundamental similarity be- 
tween the talc reaction seen in this series and 
the histopathological changes present in 
asbestosis, one is constrained to speculate 
whether the tremolite component, being an 
asbestiform mineral, is not after all the main 
source of mischief. It remains for animal ex- 
periments to shed some light on this subject. 


SUMMARY 


A survey of the tale industry in Northern 
New York State revealed that the tale mined 
and processed there consists of a mixture of 
talc, tremolite, and anthophyllite. Quartz is 
also present in moderate amounts in the dust 
generated in mining and processing the com- 
mercial talc. 


DUST 


A mineralogical analysis of the lung ash 
from eight deceased talc-industry employees 
revealed the presence of appreciable quan- 
tities of talc, tremolite, and anthophyllite. 
Quartz was present in significant amounts 
only in the cases where the men had been 
additionally exposed to dust in mining indus- 
tries other than in the talc industry. 

The histological features suggest that 
tremolite may be the main pathogenic agent 
in provoking the characteristic “tale” lung 
lesion. The role of tale and of anthophyllite 
has not been wholly excluded. 

The presence of quartz modifies materially 
the nature of the “talc” reaction. 

The presence of “talc” dust in the lungs 
modifies both the response to quartz dust and 
the course of associated infection. 

Marked pulmonary vascular damage was 
present in the cases where the quartz content 
of the lungs was highest, and this feature is 
in harmony with the tendency to cardiac 
deaths. 

Bronchitis, bronchiolitis obliterans, and 
bronchiolectasis are associated major findings 
in this series. 

The chemical analyses presented in Table 4 
were made by A. J. Redlin, chemist, Saranac 
Laboratory. E. S. Larsen, 3d, Ph.D., of the U. S. 
Geological Survey, formerly petrographer of The 


Saranac Laboratory, made the petrographic and 
X-ray diffraction analyses. 
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KENNETH W. SMITH, M.D., New York 


Asbestosis has been described in detail in 
numerous published articles and texts. While 
it is true that cases of far-advanced asbestosis 
may have severe pulmonary disability, rela- 
tively few of the people exposed to the fiber 
develop the disease. Therefore, it is the 
intent in this paper to mention asbestosis 
only briefly and then to outline various other 
pulmonary disabilities seen among asbestos 
workers. 

The word “asbestos” is generally used to 
describe several fibrous magnesium silicates 
which are different in their chemical compo- 
sition and physical properties. The most 
important types of fibers are chrysotile, amo- 
site, crocidolite, anthophyllite, actinolite, and 
tremolite. Total world production of all 
fibers last year amounted to slightly more 
than 1,500,000 tons. Approximately 95% 
of the fibers produced were of the chrysotile 
variety, 3% crocidolite, and 2% amosite. 
Deposits of various types of this mineral are 
found in many countries, but the largest 
mines are located in Canada and Africa. 

Asbestos fibers are highly resistant to heat 
and acids. They have great tensile strength 
and large surface areas. Because of these 
properties as well as their filamented struc- 
ture, industrial use of these fibers through- 
out the world is increasing. The textile in- 
dustry has used them for many years to 
produce blankets, clothing, threads, ropes, 
tapes, braided tubing, and filters. In recent 
years, however, there has been an increasing 
use of asbestos in the insulation, building, 
and friction-material trades. In addition, the 


Recorded for publication April 7, 1955. 
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fibers can be found in paper, wallboard, 
shingles, pipe covering, floor tiles, brake 
linings and brake blocks, cements, putties, 
and plastics. 

It should be noted that the facts presented 
here apply to those persons who have been 
exposed only to asbestos fibers and to no 
other dusts. As previously indicated, industry 
today is finding many new uses for the fibers 
when they are mixed with other dusts. It 
is an established fact that when asbestos 
fibers are mixed with silica, diatomaceous 
earth, or other potentially toxic dusts, the 
pulmonary changes resulting from the inha- 
lation of these mixtures are not typical of 
asbestosis. The x-ray pattern may be differ- 
ent, the clinical course changed, or the sus- 
ceptibility to intercurrent infection increased 
or decreased. Thus, in making a diagnosis 
of occupational pulmonary disease, it is 
highly important to obtain a detailed occupa- 
tional history, so that asbestosis, silicosis, or 
mixed pneumoconioses can be differentiated. 

The statements and observations reported 
here concern several thousand men and 
women employed in the asbestos industry 
in Canada and the United States. In this 
industry the various mining, milling, and 
manufacturing operations create some dust 
containing asbestos fibers. If the fibers up to 
50z in length are inhaled continually in 
sufficient quantities over a period of several 
years, a typical pulmonary fibrosis will 
develop. It has been demonstrated that this 
fibrosis is due not to the chemical but rather 
to the mechanical action of the fibers. The 
asbestos fibers are deposited in the terminal 
bronchioles, initiating a tissue response which 
coats the fiber and eventually produces what 
is known as the asbestos body. This appears 
to be a defense mechanism of the lung. Nu- 
merous asbestos bodies can be found in the 
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sputum of persons who have had only short 
and sporadic exposure to the dust. These 
persons are healthy and have no demonstra- 
ble signs or symptoms of asbestosis. There- 
fore, it seems more appropriate to 
term “asbestos” bodies rather than ‘“‘asbes- 
tosis” bodies, signifying exposure to the 
fibers but not necessarily indicating disease. 


use the 


If increasing quantities of the fibers are 
continually inhaled, the tissue reaction pro- 
gresses, and a generalized, diffuse fibrosis 
gradually appears throughout the lower lobes 
of the lungs. With additional exposure, this 


Fig. 1—Early asbestosis. 


fibrosis will spread to the other lobes, even- 
tually causing respiratory embarrassment and 
finally cardiac failure. 

The pulmonary fibrosis resulting from 
prolonged inhalation of asbestos fibers will 
produce a typical x-ray pattern. In early, or 
first-stage, asbestosis (Fig. 1), the x-ray 
shows a fine, diffuse, homogeneous infiltra- 
tion throughout both lower lung fields. It 
should be noted that this infiltration is bi- 
lateral, that it is generalized at both bases, 
and that the nodular conglomerate patterns 
of other pneumoconioses, such as silicosis, 
are not seen in asbestosis. There is a con- 
siderable amount of pleural reaction associ- 
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WORKERS 


Fig. 2—Moderately advanced asbestosis. 


ated with this disease, which may account 
for the “ground glass” pattern which has 
been used to describe the typical x-ray 
picture. 

In moderately advanced, or second-stage, 
asbestosis (Fig. 2), the infiltration has in- 
still 
lung fields. The 


creased but is confined to the lower 


‘ground glass” pattern is 


Fig. 3.—Far-advanced asbestosis. 
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more apparent, and the heart borders are 
becoming indistinct or shaggy. There is some 
irregularity of the diaphragmatic outlines 
and beginning obliteration of both the cardio- 
phrenic and the costophrenic angles. 

In far-advanced, or third-stage, asbestosis 
(Fig. 3), the infiltration still is homogeneous 
and bilatera!, has spread to the middle and 
possibly the upper portion of the lung fields, 
but the apices remain clear. The cardiac out- 
line is almost completely obliterated, as are 
the domes of the diaphragm and the costo- 
phrenic sulci. With this picture in mind, it 
is advisable to reiterate the observations of 
many physicians, namely, that the x-ray pic- 
ture should never be used to estimate the 
presence or the extent of impaired pulmonary 
function or disability. Many cases with x-ray 
evidence of third-stage asbestosis have been 
known to carry on their usual work and live 
fairly comfortable lives for several years. 
On the other hand, no case of definite disa- 
bility has been seen unless there was the 
typical x-ray pattern. 

There is no typical clinical picture for 
asbestosis. The disease is insidious in its 
onset and slowly progressive with continued 
inhalation of the fiber. There is a gradual 
increase in cough and expectoration, some 
anorexia and weight loss, then slowly in- 
creasing dyspnea. Cyanosis and clubbing of 
the fingers are rare findings. There is evi- 
dence that asbestosis will not progress after 
exposure ceases, but this seems to be true 
only if the worker does not develop an inter- 
current pulmonary infection. 

It will be shown that asbestos workers are 
not predisposed to develop more intercurrent 
pulmonary infections than are found in other 
workers. However, when an acute pneu- 
monitis develops in the presence of an estab- 
lished asbestotic fibrosis, the infection is 
slow to heal, relapses are frequent, and the 
patient may be more susceptible to subse- 
quent pulmonary infections. While it is 
true that the disease is slow and insidious 
in its onset and that people with advanced 
asbestosis may lead relatively normal lives, 
eventually the heart begins to fail, and death 
from cor pulmonale rapidly follows. 

200 


Gregoire * has reported that pulmonary 
function studies on asbestos workers have 
shown that the chief physiological problem 
is that of a “tight” lung. The vital and 
maximum breathing capacities are lowered, 
expansion of the lung is difficult, and arterial 
oxygen saturation of the blood is diminished 
in some cases, indicating an impairment of 
gas transfer through the lung. Diffuse ob- 
structive emphysema, so commonly seen in 
silicosis, is not apparent in asbestosis. These 
pulmonary function studies are of importance 
in the proper diagnosis of pulmonary fibrosis 
and the estimation of pulmonary disability. 
Of more importance is the fact that these 
tests can often help the clinician in directing 
the treatment of the case. Unfortunately, 
there are too few persons who are properly 
qualified today to carry out these tests and 
interpret the results. 

An x-ray survey was made of one group 
of 708 employees working in an asbestos 
mill where the ore was dried, crushed, sep- 
arated and graded, packed, and then shipped. 
Operations in this plant required the em- 
ployees to rotate through various jobs; 
hence it was impossible to relate any x-ray 
changes to a particular job or to a specified 
dust concentration. At the same time it could 
be assumed that all members of the group 
had been exposed to varying concentrations 
of the dust. The chest x-rays of these em- 
ployees were divided into three broad 
groups: (a) essentially normal lungs; 
(b) marked linear exaggeration (P-2) but 
no typical pattern of asbestosis, and (c) def- 
inite asbestosis. 

Table 1 shows that of the 708 employees 
studied 649, or 91%, had normal x-rays. 
This is of interest because 204 employees, or 
29% of the total group, had 10 or more years 
of service, and 2 men actually had worked 
more than 40 years in the dust. 

Table 2 indicates that 52 of the 708 em- 
ployees showed a marked increase of all peri- 
bronchial markings, although none had defi- 


* Gregoire, F.: Pulmonary Function Studies in 
Men Exposed for Ten or More Years to Inhalation 
of Asbestos Fibers, read before the Seventlr Sara- 
nac Symposium, 1952 (unpublished).. 
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TaBLE 1.—Employees with Normal X-Rays 
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nite asbestosis. Inasmuch as the majority 
of these men had essentially normal x-ray 
films early in their employment history, it 
is assumed that most of the later increased 
lung markings were associated with their 
subsequent dust exposures. Further indica- 
tion of the length of exposure necessary to 
develop x-ray changes is seen when it is 
noted that 69% of this group had 10 or 
more years of exposure. 

Table 3 shows that of the 708 employees 
7 had developed definite x-ray evidence of 
asbestosis. These men exhibited various 
stages of pulmonary involvement, but all 
were working steadily at their accustomed 
jobs with no signs of disability. It is of 
interest to note that none had developed 
x-ray evidence of asbestosis with less than 
20 years of exposure. 

Frequently it has been stated that it takes 
from 5 to 10 years of exposure to develop 
asbestosis. The survey reported here con- 
cerned mill employees. It is possible that 
other operations might have different expo- 
sures with other disease experience. Factors 
which might influence this experience are not 
only the length of exposure or the concen- 
tration of dust in the air but also the fact 
that there is probably an individual suscep- 
tibility to the development of pulmonary 
fibrosis. 

Medical literature has given considerable 
attention to occupational pulmonary disease, 
but very little has been reported on the oc- 
currence of nonoccupational respiratory dis- 
ease among those employed in the dusty 


trades. The following survey was made in 
order to determine the incidence of non- 
occupational respiratory disease in another 
group, of 1561 men and women, working 
in the asbestos industry. 

A review of absentee records indicated that 
no valid conclusions could be obtained from 
this source, because the reason for absence 
was given by the employee himself. Sickness 
often was used as an excuse to cover short 
absences for a variety of personal reasons. 

It then was decided to study the claims 
submitted for sickness and accident insur- 
ance. All employees in the survey participated 
in a plan operated by an independent insur- 
ance company. Indemnification was made 
only after the nature of the illness had been 
certified by the treating physician. 

The study included claims submitted over 
a three-year period for such illnesses as the 
common cold, sinusitis, pharyngitis, grippe, 
bronchitis, pneumonia, asthma, and pleurisy. 
Occupational respiratory diseases and pul- 
monary tuberculosis were excluded in the 
report. 

Table 4 shows that of the 1561 employees 
in the survey group there were approxi- 
mately equal numbers in dusty and nondusty 
occupations. Of all claims filed for respira- 
tory diseases, 45% were for employees with 
dust exposure. Clinical observations for many 
years had given the impression that a dusty 
occupation in itself would not predispose a 
person to more nonoccupational respiratory 
disease than would a dust-free job. This 
survey shows that the rate of disease over 


7 TABLE 2.—Employees with P-2 X-Ray Readings 
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a three-year period was approximately the 
same in the two groups. In addition, there 
was no appreciable difference in the duration 
of illness in either group. 

Animal experiments and clinical observa- 
tions have shown that asbestosis does not 
predispose a person to the development of 
pulmonary tuberculosis, nor does it aggra- 
vate an apparently healed tuberculous lesion. 
In two isolated one-industry towns in the 
Province of Quebec where asbestos was 
mined and processed, the incidence of tuber- 
culosis over a period of many years was no 
greater than in other isolated towns with 
comparable populations but without a dusty 


Fig. 4.—Electron micrograph, chrysotile asbes- 
tos; & 4000. 


trade.j In addition, the incidence of tuber- 
culosis among asbestos workers was lower 


+ Parrot, P.: 
author. 


Personal communication to the 


TABLE 4.—Nonoccupational Disease Experience 


1,561 
Employees with dust exposure................. 807 
Employees with no dust exposure............. 754 
Claims for respiratory disease................. 27 
Claims for respiratory disease with dust ex- 
Claims for respiratory disease with no dust 


Average length of absence with dust ex- 


Average length of absence with no dust 
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Fig. 5.—Electron micrograph, amosite asbes- 


tos; & 4000. 


than that among the general population of 
these mining towns. 

Conflicting opinions and different reports 
make it extremely difficult to cenfirm or 
deny conclusively the causal relationship of 
asbestosis and carcinoma of the lung. Too 
often a common conclusion is drawn from 
observations and experiences with different 
racial groups, living in different parts of the 
world under variable socioeconomic condi- 
tions and working in diverse occupational 
exposures, variables should be 
added the fact that there are various types 
of asbestos fibers. 


To these 


Fig. 6.—Electron micrograph, crocidolite asbes- 
tos; x 4000. 
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Badollet £ has reported that there are 
several different types of asbestos fibers used 
by industry today, and these fibers have 
different physical and chemical properties. 
Figures 4, 5, and 6 are enlarged electron 
micrographs of three types of fibers used 
most commonly in industrial processes. The 
long, soft, and silky chrysotile fibers are 
found chiefly in Canada, while the amosite 
and crocidolite fibers which are shorter, 
stiffer, and brittler come from Africa. 

Canadian experience with asbestosis has 
heen limited to the chrysotile fiber. The ma- 
jority of industrial processes in the United 
States use this fiber, but in recent years there 
is increased use of the amosite and crocidolite 
fibers. The British and European industries 
use greater quantities of these harsher fibers. 
Therefore, in trying to clarify the causal 
relationship of asbestosis and bronchogenic 
carcinoma, many variable facts should be 
clearly identified, especially the type of fiber 
used and whether or not other dusts were 
present in the industrial and environmental 
atmosphere. 

SUMMARY 


Respiratory disease experience among 
several thousand male and female asbestos 
workers in the United States and Canada 
is reported. Of all workers exposed to the 


fibers, very few develop asbestosis. 


Asbestosis is insidious in onset and pro- 


gresses slowly with continued exposure, 
causing respiratory embarrassment and car- 
diac failure. 


t References 2 and 3. 
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Physiologically, asbestosis is the problem 
of the “tight” lung. Expansion of the lung 
is difficuit, and there is impaired gas trans- 
fer through the lung. Diffuse, obstructive 
emphysema is not common. 

There is a typical x-ray pattern which can- 
not be confused with other pneumoconioses. 

An x-ray survey of 708 employees in a 
milling operation showed that the majority 
had normal x-ray patterns, that 10 or more 
years of exposure were necessary to pro- 
duce x-ray changes, and that no cases of 
asbestosis were found who had worked less 
than 20 years in the dust. 

The incidence of nonoccupational respira- 
tory disease was not increased, nor was the 
illness more prolonged among workers ex- 
posed to asbestos dust than among nonex- 
posed workers. 

Asbestosis does not predispose to the 
development of tuberculosis, nor does it 
aggravate an apparently healed lesion. 


several reasons for different 
opinions expressed concerning the relation- 


There are 


ship of asbestosis and bronchogenic carc1- 


noma. Differences in asbestos fibers 


noted. 


are 
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Mining 


J. W. G. HANNON, M.D., Washington, Pa. 


In the study of pulmonary disability asso- 
ciated with coal mining, one must of necessity 
give due consideration to the etiological fac- 
tors that produce abnormal pulmonary con- 
ditions in this industry. These abnormalities 
are both anatomical and physiological. The 
mining of coal produces dusts that vary from 
relatively pure carbonaceous material, on the 
one hand, to relatively pure silica, on the 
other, with a mixture of coal and silica in 
between. Because of the many fluctuations 
that can occur in the aerial dusts of the work- 
ing atmosphere, the pathological changes in 
the lungs assume many and bizarre patterns. 
The quality and the quantity of the dust pro- 
duced can differ from mine to mine in the 
same general area, from job to job in the same 
mine, and even from man to man on the same 
job. These variations can be accounted for by 
the following factors. 

1. Production methods. The type of pro- 
duction methods has a definite influence on 
the amount of dust produced. Mechanical 
mining produces more dust and smaller par- 
ticle sizes than hand methods. 

2. Dust control. The high incidence of coal 
miners’ pneumoconiosis in Welsh pits is best 
explained by the introduction of mechaniza- 
tion without adequate dust suppression. The 
patchiness of the incidence in the United 
Kingdom is best explained by differences in 
dust concentrations. 


Recorded for publication June 6, 1955. 


Medical Director, McIntyre Research Founda- 
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3. Geology. The geology is important, as 
the mines with thin coal seams necessitate a 
considerable amount of roof drilling, causing 
dustiness of high silica content. Faulting of 
the coal seam by siliceous rock also requires 
drilling of this rock, and the subsequent pro- 
duction of high concentrations of silica dust. 
The geology can vary greatly from mine to 
mine in the same general area. 

4. Type of work. The specific job of the 
miner has a definite bearing on his exposure. 
Men engaged in rock drilling are exposed to 
high concentrations of silica dust and a small 
amount of coal dust. Coal-face workers are 
exposed to relatively pure concentrations of 
coal dust and develop characteristic lung 
changes. Coal trimmers! who load ships at 
the dock are also exposed to coal dusts and 
develop the same lesions as coal-face workers. 

The tendency of some coal miners to move 
from mine to mine, with the associated 
changes in job types, production methods, 
dust control, and geology, is of etiological 
significance. A complicated and somewhat 
confusing environment can produce an in- 
volved pathological pattern in the pneumo- 
coniosis associated with coal mining. 

The industrial pulmonary conditions found 
in coal mining can be grouped into the fol- 
lowing etiological classifications : 

Silica dust—silicosis 

Mixed dusts—anthracosilicosis 


Coal dust—anthracosis ; emphysema 


Any of the above forms may be modified 
by infection or overwhelming concentrations 
of the particular dust to produce progressive 
massive fibrosis. 

SILICOSIS 


Classical silicosis can be found in coal 
miners, and its clinical course does not differ 
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Fig. 1—A, anthracosis without silicosis; low- 
power view, showing stellate carbonaceous deposits 
with incipient perifocal emphysema. B, silicosis with 
anthracosis; low-power view, showing circular, 
whorled nodules of silicosis and occasional anthra- 
cotic nodules; vesicular emphysema occurs in rela- 
tion to areas where silicotic nodules are most 
prevalent, and perifocal emphysema in relation to 
the anthracotic deposits. Courtesy G. W. H. 
Schepers, M.D., Saranac Laboratory. 


from that found in other industries. Silicosis 
occurs in many stages of severity, and in the 
advanced stages it is capable of producing 
dyspnea, cough, tightness in the chest, fatigue, 
and a lessened capacity for work. 


MINING 


ANTHRACOSILICOSIS 

Anthracosilicosis (Fig. 1), a condition re- 
ferred to by the British as mixed pneumo- 
coniosis and by others as a modified silicosis, 
does occur in coal mining. There are some 
who would discard the term ‘“anthracosili- 
cosis,” while others believe that the term 
adequately and accurately describes a con- 
dition which occurs among coal miners. It is 
contracted by exposure to a mixed dust or by 
moving from one job to another where the 
exposures are changed from relatively pure 
coal to relatively pure silica or vice versa. 
Anthracosilicosis produces a clinical picture 
similar to pure silicosis. 


ANTHRACOSIS 


Anthracosis (Fig. 2), a condition of the 
lungs due to the retention and subsequent 
pigmenting of the pulmonary tissues, does 
not usually present problems of disability. 


EMPHYSEMA 

Perifocal emphysema (Fig. 3) can occur 
as a complication of anthracosis, and its inci- 
dence and severity are in direct proportion 
to the concentrations of coal dust and the 
length of exposure. It does not occur in all 
coal workers but only in those who have well- 


Fig. 2—A, x-ray of typical well-established nodular anthracosis. B, section of lung, showing 


pigmented anthracotic deposits. Courtesy 
Welsh National School of Medicine, Cardiff. 


Prof. Jethro Gough, 
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Fig. 3—A, x-ray of anthracosis, with advanced perifocal emphysema. B, section of lung, 
showing anthracosis and associated gross emphysema. 


developed areas of coal retention around the 
respiratory bronchioles.t Heppleston? has 
described perifocal emphysema as consisting 
essentially of a marked dilatation of the 
respiratory bronchioles. Perifocal emphysema 
causes disability by increasing the residual 
air in the lungs as well as by decreasing the 
velocity and diluting the oxygen content of 
the inspired air. These conditions result in 


functional interference with gaseous ex- 
change rather than an anatomical obstruction. 
Perifocal emphysema can cause dyspnea and 
disability of a grade proportional to the 
amount of pathological change present. 


PROGRESSIVE MASSIVE FIBROSIS 
The etiology of massive fibrosis in coal 
miners’ lungs has not yet been satisfactorily 


Fig. 4.—A, x-ray of bilateral, massive, apical fibrosis, with compensatory basal emphysema. 
B, coronal section through the lungs, with massive, apical anthracotic fibrosis. Courtesy, G. W. 


H. Schepers, M.D., Saranac Laboratory. 
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PULMONARY DISABILITY IN COAL 


MINING 


Fig. 5.—A, radiogram of pulmonary arterial pattern in normal excised lung after a radi- 
Opaque contrast medium had been introduced. B, progressive massive fibrosis; radiogram of 
lung, showing advanced degree of loss of ramifications of pulmonary arteries. Courtesy Dr. 
A. L. Walls, Welsh National School of Medicine, Cardiff. 


established. James * believes that tuberculosis 
is an essential factor. Another view is that 
primary exposure to coal dust and subse- 
quent exposure to high concentrations of 
silica are the causative factor. Personal obser- 
vations on workmen who had 8 to 12 years’ 
coal-mining exposures and who later worked 
in the silica-brick industry showed a pre- 


cocious rate of development of massive pul- 


Fig. 6.—A, central liquefaction, with commencing 
cavity formation in a noninfective focus of massive 
fibrosis. B, tuberculous cavity in an anthracotic 
subject. Courtesy G. W. H. Schepers, M.D., Sara- 
nac Laboratory. 


Fig. 7—A, horizontal section through heart, 
showing dilatation of right ventricle due to ad- 
vanced emphysema. B, coronal section through 
heart, showing hypertrophy of right ventricular 
wall due to progressive massive fibrosis. 
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monary lesions without demonstrable evi- 
dence of tuberculosis. Massive lesions can re- 
sult from overwhelming concentrations of 
dust. Patchy areas of atelectasis, with second- 
ary nontuberculous infection, can cause 
localized pneumonitis and/or abscess forma- 
tion. Progressive massive fibrosis (Fig. 4) 
can cause severe vascular changes. End- 
arteritis and thrombotic obliteration are not 
uncommon. Thrombosis can propagate from 
an area of massive fibrosis along the branches 
of the pulmonary artery to the hilus of the 
lung. The massive forms of arterial obstruc- 
tion are a major cause of hypertrophy of the 
right ventricle of the heart. Dilatation often 
accompanies the hypertrophy. The disturb- 
ances in the pulmonary circulation (Fig. 5) 
as well as the massive fibrosis in the lung 
bring about disability of a severe form. 


TUBERCULOSIS 


Tuberculous infection (Fig. 6) can modify 
any of the pneumoconioses of coal miners. 
The action of tuberculosis superimposed on 
silicosis produces progressive massive fibro- 
sis, and the same results can be anticipated in 
anthracosis with or without complicating 
emphysema. Clinical evidence of active tuber- 
culosis with pulmonary changes due to coal 
dust is sufficient evidence of disability. 


COR PULMONALE 


Cor pulmonale can be present as a direct 
result of advanced emphysema or massive 
fibrosis. On the basis of 777 autopsies per- 
formed on miners during the years 1947- 
1949, Gough! reports that 53 died of con- 
gestive heart failure due to emphysema (Fig. 
7 A) and 155 of congestive heart failure due 
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to massive fibrosis (Fig. 7 B) of the lungs. 
Advanced emphysema is capable of producing 
total disability by causing dilatation of the 
right side of the heart. 

The abnormal pulmonary conditions asso- 
ciated with coal mining are world-wide in 
their distribution, but little is known about 
the incidence rate outside of the United King- 
dom. Perhaps those who are associated with 
this type of work could pool their joint re- 
sources and clinical data in a study that could 
be evaluated by some independent research 
organization. A pathological registry would 
be of great aid at the present time. 


CONCLUSIONS 


1. Exposure to coal-mine dust can pro- 
duce a complex industrial pulmonary condi- 
tion. 


2. Exposure to coal-mine dust can and 
does produce pulmonary disability. 


3. The distribution of coal miners’ pneu- 
moconiosis is world-wide. 


4. The incidence rate of coal miners’ pneu- 


moconiosis is important enough to warrant 
an epidemiological survey. 
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athological Study of the fects o 
Gypsum on oLiungs 


G. W. H. SCHEPERS, M.D., D.Sc. 
and 
T. M. DURKAN,, M.E., Saranac Lake, N. Y. 


The chief interest in the pulmonary effects 
of inhaled calcined gypsum dust resides in 
the fact that exposures to this substance are 
very widespread and are not confined to in- 
dustries manufacturing gypsum products. 
Calcined gypsum is often employed, more- 
over, under excessively dusty conditions. The 
chemical nature of calcined gypsum and its 
physical properties as a dust! lend further 
interest to this problem. 

The mineral gypsum, which is hydrated 
calcium sulfate (CaSO,4.2H.O) and is an 
important raw material in the plaster and 
cement industries, is widely distributed in the 
United States. When gypsum is calcined at a 
temperature of 300-400 F, three-fourths of 
its water content is driven off and the hemi- 
hydrate (CaSO,4.%H2O) is formed. On ad- 
dition of water to the hemihydrate, it recom- 
bines with the water, and as the material dries 
it sets and forms a hard, strong mass. Un- 
calcined gypsum is used as one of the com- 
ponents of Portland cement, and the calcined 
product is employed in the manufacture of 
plaster and of gypsum blocks and wallboard. 

Ordinarily men engaged in mining gypsum 
are not exposed to a significant amount of 
dust. The rock surfaces are usually damp, 
and the auger drills employed for drilling the 
rock produce very little atmospheric dust. 


Recorded for publication June 6, 1955. 
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Furthermore, the quartz content of the gyp- 
sum formation is low and seldom exceeds 
1% or 2%. Moderate concentrations of air- 
borne dust containing more or less free silica 
may be created in gypsum mines during cer- 
tain operations, such as extending passage- 
ways, but men are exposed to conditions of 
that nature only infrequently and for brief 
periods. 


After the gypsum has been removed from 
the mine, it is crushed, then calcined, and 
finally ground to a fine powder. The finely 
ground material is transported to a ware- 
house, where it is mixed with certain sub- 
stances, such as sand, lime, or wood fiber, and 
used to make plaster, or it may be employed 
in the manufacture of gypsum blocks and 
wallboard. The amount of dust in atmos- 
pheric suspension varies somewhat in dif- 
ferent parts of a gypsum plant. Where the 
materials are mixed with water, as in the 
block plant and board mill, very little dust 
diffuses into the air. In the crushing and 
grinding departments some material may 
escape from the mills, but usually no more 
than a moderate amount of atmospheric dust 
is created. Since the air-borne material in 
those areas is derived from raw or calcined 
gypsum, the free-silica content of the dust is 
very low. 

The mixing and the packing of plaster are 
operations which often liberate dust, and men 
engaged in those operations may be exposed 
to variable amounts of atmospheric dust. The 
dust, however, is composed principally of 
calcined gypsum, even though the material 
being handled may have a quartz content as 
high as 50%. For example, sanded plaster, 
a product that formerly was widely used, is 
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about 50% quartz, and yet the air-borne dust 
created during the packing of that product 
was found on analysis to have a quartz con- 
tent of only about 3%. The reason for this 
striking reduction in the free-silica content 
appears to lie in the large particle size of the 
sand used and in the flocculating character- 
istics of calcined gypsum. The large size of 
the sand particles prevents them from being 
dispersed into the atmosphere readily; the 
flocculating property of the gypsum produces 
gypsum-quartz aggregates which settle out of 
the air rapidly. 
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TABLE 1.—Deceased Gypsum Employees General Information 


calcined gypsum found to be harmless to 
human beings, but it also appeared to protect 
against the harmful action of quartz dust 
which may be inhaled simultaneously with the 
gypsum. Both clinical and experimental 
studies indicate that calcined gypsum dust 
does not predispose to tuberculosis or reac- 
tivate arrested or latent tuberculosis. 

In view of these observations, it is of 
interest to present the histopathological fea- 
tures of four cases of deceased employees of 
the gypsum industry who had no significant 
exposure to silica in any other industry. An 


Feature 
55 yr. 73 yr. 57 yr. 49 yr 
Gypsum dust. exposure 
Other industrial exposure 
Period of chest morbidity prior to death........ Nil 2 yr. Nil Nil 
Interval between last gypsum exposure and 
occlusion aortic in- 
competence 
Gross pulmonary lesions....................eeeees Organized Emphysema Broncho- Broncho- 
pneumonia Anthracosis pneumonia pneumonia 
Organized 
pneumonia 
foci tuberculosis 


In performing certain special operations 
in gypsum plants, such as chipping grooves 
in the buhrstones used to grind the gypsum, 
men are sometimes exposed to free-silica dust. 
Although the dust created by those opera- 
tions may contain a substantial amount of 
quartz, the concentration of the atmospheric 
particles is low and usually is held within a 
safe limit by exhaust ventilation or other 
means. 

In spite of admittedly excessive exposures 
to calcined gypsum dust in the mill and pack 
house of gypsum plants and of exposure to 
some quartz dust in such operations as the 
chipping of buhrstones and the mixing and 
packing of sanded plaster, studies by The 
Saranac Laboratory* of men subjected to 
those exposures failed to reveal evidence of 
physical disability or mottling in the chest 
roentgenogram. Not only was the dust of 
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opportunity to study such material occurs but 
rarely, and the features of these cases are 
therefore presented in some detail. 


The more important information concern- 
ing the four cases has been assembled in 
Table 1. With one exception, all were middle- 
aged men who had died of a nonpulmonary 
cause. Except for Case 2, these men had not 
presented any chest morbidity or symptoms 
prior to death, and two were still actively 
employed at the time of their demise from 
nonpulmonary causes. The chest symptoms of 
Case 2 may have been partly senile in origin 
or may have been linked with exposure to 
coal-mining dust for an unknown period as a 
youthful miner in Germany. He was 19 years 
old when he came to America. At that time 
there was no barrier against the employ- 
ment of youths in coal mines. As he had a 
moderate degree of anthracosis and perifocal 
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EFFECTS OF INHALED GYPSUM DUST 


emphysema, it is probable that he had been 
employed several years as a coal miner. 

Exposure to calcined gypsum dust in ware- 
houses constituted a significant factor in 
Cases 1 and 3. Cases 2 and 4 had considerable 
experience as gypsum miners, while Case 3 
had additional exposure to gypsum dust in 
the mill and as a laborer in the yards of the 
gypsum plant. 

The presence of areas of organized pneu- 
monia in two of these cases and of broncho- 
pneumonia in the other two cases at the time 
of death appears significant and indicates a 


TABLE 2.—Chemical Analysis of Lung 


CHEMICAL ANALYSES 


The analyses on these four cases are as- 
sembled in Table 2. Case 1 could not be 
analyzed in detail, as the tissue had been fixed 
in Zenker’s solution and had undergone some 
postmortem autolysis before fixation. 

Attention must finally be focused on the 
S,O2 content of the lung ash in Casesal, 3, 
and 4. The total silica content in none of 
these cases significantly exceeded the normal 
range, and it is remarkable to note that 
Case 2 showed only 2.75% S,Oz after 36 
years of gypsum mining. 


Tissue of Deceased Gypsum Workers 


Case, No. Normal 


Components 
Desiceated lung tissue 


Total silica, % 
Percentage composition of lung ash 


Total silica, % 
Lymph node ash 
Total silica, % 


Limits 
(Approx.) 


0.14-6.32 
0.02-0.73 


0.43-14.70 
1.19-7.34 
1.49-11.22 
2.30-10.98 
0.72-4.24 
5.40-25.20 
6.41-26.71 
16.50-52.72 


need for further study of the causes of death 
of gypsum workers. The changes in the hilar 
lymph nodes do not appear to have any spe- 
cific significance. The lack of reaction in these 
nodes contrasts sharply with the condition to 
be expected in persons exposed to quartz 
dust. The failure of the gypsum to activate 
tuberculosis is perhaps reflected in the cal- 
cifying tendency in the hilar nodes of Cases 
1 and 4. Because of its atypical character, the 
fibrosis of the hilar node in Case 3 could not 
be adequately accounted for but may have 
been tuberculous in origin. Attention should 
be drawn, however, to its high SiO, content 
(Table 2). Unfortunately, chemical studies 
of the hilar node in other cases were not 
undertaken. 


In Case 4 the CaO level was relatively 
high. This finding may be related to the pres- 
ence of calcifying tuberculous foci in the hilar 
lymph nodes. The excessive K2O levels de- 
termined in Cases 2 and 3 are difficult to 
explain, unless they are due to a tissue fixa- 
tive. These men had left the gypsum industry 
6 years and 10 months, respectively, prior to 
death. 

On the whole, these chemical findings are 
compatible with the normal findings for a per- 
son who has not had a significant industrial 
exposure to siliceous dust. 


HISTOPATHOLOGY 


Parenchymal Lesions.—In the lungs ex- 
amined, the parenchymal lesions associated 
with prolonged inhalation of calcined gypsum 
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Fig. 1—Parenchymal pulmonary lesions in lungs of deceased gypsum workers. A, vascular 
granuloma; delicate collagenous web surrounding clustered capillaries (Case 3). B, fibrocellular, 
stellate nodule; interlacing collagen fibers with isolated elastic bundles (Case 1). C, pneu- 
monitic foci; macrophages, clustered koniophores, plasma cells, lymphocytes, and fibrocytes 
(Case 4). D, organizing pneumonia; capillary penetration and delicate collagen web (Case 1). 


do not assume a pattern which would char- 
acterize them as a specific type of pneumo- 
coniosis. 

In Cases 1 and 2, but particularly in the 
latter, fibrous nodules were found which re- 
sembled silicotic nodules. In Case 2 the 
nodules were surrounded by a stellate, heavily 
pigmented, cellular halo resembling the 
lesions characteristic of siderosilicosis and 
anthracosilicosis. In this case, however, it is 
to be noted that the SiO. content of the lung 
ash was remarkably low for an industrial 
worker. The man had been exposed to coal 
dust in his youth, and it is to be presumed 
that these anthracotic nodules had such a 
remote occupational origin. It seems probable 
that these fibrous nodules have little if any- 
thing to do with the gypsum exposure. 

Occasionally nodules may be found (Fig. 
1A) which may be characterized as vascular 
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granulomata in that they consist of cellular 
accumulations, supported on a delicate col- 
lagenous web surrounding clustered blood 
capillaries. Some pigment may be present in 
relation to the collagen. In other instances 
these small nodules have fewer vascular com- 
ponents and assume a more decisively fibro- 
cellular character and stellate appearance 
( Fig. 1B). Such nodules are common to sev- 
eral pneumoconioses and may represent a 
nonspecific type of reaction to inhaled dust 
particles. They do not exceed 2 mm. in maxi- 
mum diameter. 

Some scarring of the interlobular septa is 
also present. This was found to be most 
marked in Case 1. 

A lesion which may perhaps be regarded 
as primordial to the nodules just described 


may be found at multiple foci. It consists 


of stromal foci of pigmentation with some 
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associated capillary engorgement. These foci 
are apparently derived from densely infil- 
trated alveolar walls. The pigment granules 
seen in Case 2 may perhaps be of anthra- 
cotic origin. The dominant cell types in these 
nodes are macrophages and occasionally poly- 
morphonuclear leucocytes but almost never 
lymphocytes or plasma cells. While collagen 
is most poorly developed within these foci, 
there is a tendency toward increased peri- 
capillary and pericellular reticulum deposi- 
tion. The elastic fibers are well preserved, 
even where they traverse nodules. 

More extensive or diffuse types of paren- 
chymal change may also be found. In some 
areas there are cellular accumulations which 
resemble pneumonitis (Fig. 1C). The main 
cells are clustered koniophores, macrophages, 
and some plasma cells and lymphocytes. In 


Fig. 2.—Pleural lesions associated with chronic gypsum inhalation. 


GYPSUM DUST 


other areas (Fig. 1D) a delicate degree of 
collagen deposition and capillary infiltration 
has taken place. Such areas may be inter- 
preted as foci of organizing pneumonitis or 
pneumonia, but their prevalence in this series 
of cases poses the question whether they may 
not represent a specific type of subacute re- 
action to the gypsum dust. It is to be noted 
that they are present in men who had suc- 
cumbed unexpectedly from nonpulmonary 
causes of death and who had not previously 
experienced any pulmonary symptoms. The 
diffuse lesions also have relatively well- 
defined septal boundaries (Fig. 1D) and in 
many areas assume the appearance of peri- 
vascular granulomata which bulge into the 
alveolar spaces. It is clear that the nature of 
these pathological changes requires further 
inquiry. 


A, chronic pleuritis ; 


epipleural proliferation of blood capillaries and lymphatic plexuses with supporting delicate col- 


lagen stroma (Case 1). 


plaque ; 


B, diffuse pleural sclerosis ; 
pigmented deposits and distended blood capillaries and lymph ducts (Case 2). 
isolated, collagenous, subpleural focus with peripheral pigmentation (Case 2). 
vascular plaque : collection of pigment and collagen around pleural veins (Case 3). 


subpleural dense collagen deposit around 
C, avascular 
D, peri- 
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Emphysema is not a distinctive feature in 
this series. Case 2 manifested a moderately 
advanced degree of perifocal emphysema 
which is almost certainly to be related to the 
associated anthracosis, though perhaps en- 
hanced through the advanced age of the 
patient. 

Pleural Changes.—Pleural adhesions are 
present at some areas of the lung but do not 
appear to bear any relation to the dust lesions. 
These manifest themselves as the four types 
of microscopic lesions illustrated in Figure 2. 
The first assumes the form of a diffuse 
chronic pleuritis involving epipleural prolif- 
eration of blood capillaries and lymph 
plexuses and the deposition of a delicate col- 
lagenous stroma. The mesothelium tends to 
consist of cuboidal cells, some of which con- 


Fig. 3. 
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tain ingested pigment particles. This type of 
lesion is most prevalent in Case 1, who had 
experienced no pulmonary symptoms prior 
to death and who died of a coronary oc- 
clusion. 

A type of diffuse pigmented subpleural 
sclerosis is present in Case 2. The pigment is 
probably anthracotic, but the dense collagen 
layers found in relation to it are rather un- 
usual. Distended blood vessels and lymph 
sinuses are present in abundance. 

Two types of pleural plaques can also be 
identified. The first (Fig. 2C) occurs as 
isolated collagenous subpleural flat nodes and 
resembles the well-known silicotic pleural 
plaque. The other variety (Fig. 2D) appears 
to consist of a perivascular accumulation of 
collagen and frequents the sites where pleural 


Bronchovascular lesions associated with chronic gypsum inhalation. 4, broncho- 


vascular unit; minimal parabronchial pigmentation without significant reaction; distended bron- 
chial vessels associated with aortic incompetence and congestive cardiac failure (Case 3). B, 
peribronchial reaction; subacute inflammation with disruption of muscularis mucosae, but no 
lymph node response (Case 4). C, bronchial mucosa; diffuse, cellular infiltration with lymph- 
ectasia and adventitial collagen deposition, but no epithelial desquamation or basilar membrane 
damage (Case 1). D, perivascular fibrosis; delicate collagenous web around distended lymphatic 


plexus (Case 1). 
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EFFECTS OF INHALED GYPSUM 
veins pass from interlobular septa to the lung 
surface. 

Bronchial Changes—There may be re- 
markably little bronchial disturbance ( Fig. 
3A) or relatively pronounced change ( Fig. 
3B). No evidence of chronic bronchitis with 
epithelial desquamation could be discerned in 
sections through the larger bronchi. In air 
passages of intermediate caliber there is a 
tendency toward mucosal fibrosis, with a 
diffuse collagen layer in the plane of transition 
to the adventitia (Fig. 3C). A layer of round- 
cell and macrophage infiltration generally 
intervenes between this zone and the basilar 
membrane, and this portion tends to be pos- 
sessed of a generous lymphatic plexus. There 
is no tendency toward epithelial desquama- 
tion or metaplasia at these levels. 


DUST 


Damage may, however, occur at the bron- 
chiolar level. The main deviation appears to 
comprise a broad collar of cellular infiltration 
around and throughout the bronchiolar wall 
(Fig. 3B). In this way the muscularis mu- 
cosae may become completely disorganized. 

Associated with this infiltrative change, a 
tendency toward bronchiolectasia may be 
noted in some areas and in others the lumen 
may be virtually strangulated. A tendency 
toward epithelial hyperplasia and small areas 
of squamous metaplasia may be found. At 
some sites there is also an associated epi- 
thelization of alveolar ducts and proximal 
alveoli. 

The regional lymph nodes are not affected 
by all these changes, which appear, therefore, 


Fig. 4.—Perivascular lesions in lungs of deceased gypsum workers. A, minimal perivascular 
deposit; limited pigmentation around blood vessels which failed to occlude the lumen; almost 
no collagen (Case 3). B, perivascular fibrosis; irregular collagen sheath around a blood vessel 


with limited pigment deposition in relation to it (Case 3). 


C, perivascular collagen; broad, 


dense collar of collagen around medium-sized blood vessel; no narrowing of lumen (Case 2). D, 
pigment in vascular sheath; iron-staining pigment particles in relation to perivascular lymphatic 
plexus (Case 2). 
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to be neither infective in character nor due to 
any silica present in the dust. 

Vascular Damage.—Perivascular fibrosis 
is present at most sites but is limited gen- 
erally to a delicate collagenous web found in 
association with the perivascular lymphatic 
plexuses (Fig. 3D). The perivascular collar 
may be minimal (Fig. 44) or may assume a 
quite prominent appearance with pigment 
either embedded in it or at its periphery 
(Figs. 4B and 4C). The vasa vasorum do 
not, however, appear to have suffered any 
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in this instance reacted positively to the Prus- 
sian blue stain (Fig. 4D). Iron was demon- 
strable also in Cases 3 and 4. The latter 
employee had worked in a foundry for a short 
period before commencing his duties in the 
gypsum mine, which may account for the 
presence of iron dust in his lungs. 

It is to be noted, however, that the several 
pathological deviations thus far described 
bear no special relationship to the sites of 
maximal accumulation of the pigment, which 
may therefore rate as an incidental finding. 


Fig. 5.—Hilar lymphadenopathy in deceased gypsum employees. A, lymph node pigmenta- 
tion; iron-staining granules in center of lymph node without any associated fibrosis (Case 4). 
B, sclerosing periadenitis; dense fibrous capsule around lymph node showing no parenchymal 
reaction (Case 1). 


change though embedded in this collagenous 
layer, and the affected blood vessels them- 
selves generally retain their patency, quite 
unlike what may occur in the case of’ the 
other pneumoconioses. 
Pigment.—Throughout these lungs, alve- 
olar mural, perivascular, peribronchiolar, and 
pleural foci of pigmentation are to be found. 
They are most prominent naturally in Case 2, 
where a known history of coal mining was on 
record. Unexpectedly, though, the pigment 
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Hilar Lymph Nodes.—Pigmentation of the 
lymph node medullary regions is the most 
significant histopathological change observed. 
This pigment reacts positively to Perls’s stain 
in all cases (Fig. 54), though in Case 2 some 
of the pigment no doubt is carbonaceous. At 
no point is any fibrous or hyperplastic re- 
action demonstrable in relation to the pig- 
ment. 

Foci of calcification were discovered at 
autopsy in the root nodes of Cases 1 and 4, 
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and some atypical focal fibrosis was macro- 
scopically discernible in Case 3. The cause of 
this calcification has not been determined, 
though in Case 4 partially healed tuberculous 
foci are probably to be considered in this 
connection. 


Marked periadenitis may have been present 
at some time prior to death in Case 1, as there 
is dense fibrous capsular development around 
the lymph nodes (Fig. 58). No vestige of 
the nature of the cause of this lesion remains, 
as the adjacent lymphatic tissue shows no 
corresponding change. 


COMMENT 


In these four cases we have examples of 
men who had for relatively long periods been 
exposed not only to calcined gypsum dust 
in mills and warehouses but also in two 
instances to raw gypsum, anhydrite, and 
argillaceous limestone dusts. Yet the lung 
tissues show changes which must be classi- 
fied as minimal dust reactions. The chemical 
analyses, moreover, reveal that comparatively 
little dust was retained in the lungs, the maxi- 
mal amount found, in Case 3, approximating 
the upper limit of the normal range. In hard- 
rock miners, on the contrary, there may be 
a tremendous accumulation of mineral matter 
in the lung within a relatively brief period of 
exposure. 

Only in Case 3 was there more silica in the 
lung ash than may be found in the normal 
population in which occupational exposure 
to dust is absent. In Case 3, however, there 
was no significant tendency toward more 
fibrosis than in the other cases. The large 
quantity of silica found in the lymph nodes 
may have accounted for some of the hilar 
fibrosis described at the time of the autopsy, 
but characteristic silicotic nodules were not 
demonstrable. It seems possible, therefore, 
that in the presence of concurrent gypsum 
exposure the silica had a reduced fibrogenic 
potentiality. 

This study confirms further the clinical 
fact that exposure to calcined gypsum dust 
does not facilitate the development of tuber- 
culosis. Caseating foci of tuberculosis were 


actually present in the lymph nodes of Case 
4; yet these lesions showed no tendency to 
become modified in character in spite of the 
prolonged history of dust exposure. 

Attention should still be focused on the 
organizing pneumonic patches found in these 
lungs. These lesions were found in men who 
were apparently unaware of any chest symp- 
toms, and the occurrence of such silent pul- 
monary reaction may perhaps signify that 
there was either some modified tissue re- 
sponse to a low-grade infection or some modi- 
fication in the regional lymphatic drainage, 
thereby accounting for the character of those 
lesions. On the other hand, no lymph node 
or gland reactions occurred. The significance 
of the lesions, therefore, remains unexplained. 

Another puzzle appears to reside in the lack 
of symptomis in this series in spite of the pres- 
ence of such a degree of bronchiolar damage. 
An analogous state of affairs exists in as- 
bestosis and talcosis, where there may be ex- 
tensive but silent bronchiolar damage until 
a threshold limit of reserve has been ex- 
ceeded. In the case of these gypsum workers, 
this limit of tolerance had apparently not 
even been approximated. 


SUMMARY 


Chemical analyses of pulmonary tissues 
and histopathological features of four de- 
ceased gypsum-industry employees are pre- 
sented. 

All four men had been industrially exposed 
to gypsum products only and died of non- 
pulmonary causes. 

No specific pneumoconiotic syndrome oc- 
curred, though parenchymal pleural, bron- 
chial, and vascular lesions were present 
which, though indubitably attributable to the 
gypsum-dust exposure, assumed a nonspecific 
and minimal character. 
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DUDLEY A. IRWIN, M.D., Pittsburgh 


Some years ago, my confreres, Denny and 
Robson,' observed that the addition of small 
amounts of finely divided metallic aluminum 
to an aqueous suspension of finely divided 
quartz resulted in the insolubilization of the 
quartz particles by a two-step physicochem- 
ical reaction. In the first step, the film of 
aluminum oxide on the surface of the metal- 
lic aluminum particles took on water to 
form hydrated aluminum oxide. The second 
step of this reaction was the adsorption of 
this positively charged hydrated aluminum 
oxide to the surface of the negatively charged 
quartz particles. This film, when adsorbed to 
the surface of the quartz, so interfered with 
the rate of the solution of quartz in water 
that for practical purposes the quartz became 
insoluble. 

Further investigation showed that this 
film of hydrated aluminum oxide when ad- 
sorbed to a quartz surface resisted removal 
by those physical and chemical conditions 
which probably existed in the tissues of the 
lung. The next step was obviously to deter- 
mine whether this test-tube insolubilization 
of quartz would take place in the lungs of 
animals and thereby inhibit the usual pro- 
liferative fibrotic response. This question 
had to be answered by animal experimenta- 
tion. 

Control rabbits were exposed to atmos- 
pheres containing quartz dust alone, while 
other rabbits were exposed to admixtures of 
aluminum and quartz. At the conclusion of 
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these experiments, the concentration of the 
quartz and aluminum in the lung tissues 
was determined quantitatively by suitable 
analytical methods. Sections of lung tissue 
were prepared for microscopic observation to 
permit a study of the response of the lung 
tissue to the dust retained in the lung. This 
was facilitated by suitable tissue stains and 
the technique of microincineration. 
Although chemical analysis of the lung 
tissue quantitated the quartz and aluminum 
present, it did not indicate the distribution 
of the aluminum in the lung, the relation of 
the aluminum to the quartz particles, or 
whether or not the quartz particles possessed 
an adsorbed film of hydrated aluminum ox- 
ide. As a study of the literature did not 
disclose a method to demonstrate aluminum 
in histological preparations, ways 
sought to develop such a procedure. 


were 


Except in a few instances, methods had 
not been developed to identify metals in 
tissue sections suitable for histological study. 
Perls’s stain for iron was probably not only 
the best known but was also the most satis- 
factory stain for any metal. Even this method 
was found to have limitations in that the 
staining of iron compounds in tissue re- 
quired the iron to exist as the ferric ion 
so that it would react with a solution of 
aqueous acidulated potassium ferrocyanide 
to form Prussian blue (potassium ferric fer- 
rocyanide). Any un-ionized iron, such as the 
iron in the hemoglobin complex, did not 
stain by this method. Mention is made of 
this reaction to show the limitations that 
existed even in this well-known procedure. 

A start was made by a study of the alu- 
minum powder used in the animal dusting 
experiments. The collected aluminum powder 
had the appearance of carbon black rather 
than a metallic appearance. Analysis of 
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DEMONSTRATION OF ALUMINUM IN 


the aluminum powder showed it to be com- 
posed of 15% metal, while the remaining 
85% was in the form of aluminum oxide. 
Observations by transmitted light and elec- 
tron microscopy showed the individual par- 
ticles to be uniform in appearance, spherical 
in shape, and less than a micron in size. 

Unstained histological sections of the lung 
tissue of animals exposed to aluminum pow- 
der alone showed a widespread distribution 
of black particles. The size, shape, and opac- 
ity of these individual particles were such 
that they could not be distinguished from ex- 
traneous carbon particles lodged in the lung 
tissue or the particles so frequently seen in 
formalin-fixed tissues and referred to as 
“formalin precipitate.” Microscopic observa- 
tion of a drop of sodium hydroxide solu- 
tion spreading over such a section showed 
the rapid disappearance of most of the black 
particles, with the production of minute 
bubbles indicative of metallic aluminum 
and/or aluminum oxide. The black particles 
that remained after such treatment could 
not have been aluminum. This reaction 
offered little practical help in the identifica- 
tion of aluminum particles. However, the 
sum of these observations indicated that 
the aluminum particles deposited in the lung 
tissue of the experimental animals were 
tiny, spherical masses composed of a cen- 
trally placed small nucleus of metal sur- 
rounded by hydrated aluminum oxide. It was 
also established that such lung tissue could 
be stored in formalin for months without 
any apparent effect on the aluminum particles 
and that these particles appeared to be un- 
altered in frozen or paraffin histological 
sections. 

These observations indicated that the 
aluminum particles in lung tissue could be 
identified and demonstrated by a method 
which would stain the hydrated aluminum 
oxide covering the metallic nucleus in a 
characteristic manner. The chemical char- 
acteristics of aluminum and its compounds 
seemed to preclude any hope of a simple 
staining reaction comparable to Perls’s stain 
for iron. 


ANIMAL TISSUES 


At this stage, attention was paid to the 
possible application of a complex dye used 
in the quantitation of aluminum. This dye, 
ammonium aurintricarboxylate, was first 
mentioned in 1889 in a German patent * 
based on the work of Sandmeyer. In 1925, 
Hammett and Sottery* described the use 
of this dye as a new reagent for aluminum. 
Shortly after this publication, the dye became 
available under the name of ‘“aluminon.” 
Lundell and Knowles,’ in 1926, showed the 
value of this dye in the detection of small 
amounts of aluminum. Apparently, the prep- 
arations of aluminon on the market at that 
time varied in reaction to such an extent 
as to make the analytical method unreliable. 
Scherrer and Mogerman,* in 1938, pub- 
lished their methods to produce an aluminon 
satisfactory for the colorimetric determina- 
tion of aluminum. Their improved method 
of preparation was by the reaction of salicylic 
acid with formaldehyde in a mixture of con- 
centrated sulfuric acid and sodium nitrite. 

Under certain conditions, aluminon forms 
a lake with a number of metallic ions. The 
lake is a complex precipitate formed by the 
dye molecule reacting with the particular 
metallic ion. Middleton ° reported the forma- 
tion of lakes formed by aluminon with the 
hydroxides or basic acetates of aluminum, 
beryllium, iron, thorium, and the rare earths. 
Most of these lakes, with the exception of 
those formed by aluminum and _ beryllium, 
are dissolved or decolorized by a solution 
containing ammonium ion buffered at a 
pl of 7.2. The beryllium lake is unstable in 
the absence of excess dye. These reactions 
indicated a practical approach to the alu- 
minon staining of hydrated aluminum oxide. 

The aluminon-aluminum lake formation is 
a complex reaction of at least two stages. 
One stage of the reaction is believed to com- 
prise adsorption of the dye to the surface 
of the gelatinous hydrated oxide of alumi- 
num. The other step consists of a chemical 
reaction between the adsorbed dye and the 
hydrated aluminum ion to form the cherry- 
red lake. These reactions occur simultane- 


*D. R. P. 49,970 (German Patent), issued to 
Joh. Rud. Geigy and Company. 
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ously, the end-result being the formation of 
a stable complex precipitate or lake. This 
lake formation is formed best under con- 
ditions at which the hydrated aluminum 
hydroxide is least soluble. Aluminum hy- 
droxide is almost completely insoluble 
through the range pH 5.0 to 8.4. 

Experimentation showed that the best 
staining of the hydrated aluminum oxide in 
tissue sections took place in a 2% solution of 
aluminon dissolved in a solution containing 
ammonium ion buffered at a pH of 5.2. In 
sections so stained, some of the tissue ele- 
ments took on a pinkish cast from adsorbed 
dye, which was removed quickly by a dip 
in a similar solution buffered at a pH of 
7.2. Caution must be observed, as this solu- 
tion will decolorize the aluminon-aluminum 
lake if the section is allowed to remain too 
long in this buffered solution. Another ad- 
vantage of treatment with the second solution 
is that it decolorizes any lakes formed by 
interfering substances. 

It must be realized that this staining 
method requires the presence of an alumi- 
num ion which for practical purposes limits 
its use to the demonstration of hydrated 
aluminum oxide. Complex aluminum salts 
cannot be stained by this method. 

The method has effectively demonstrated 
the presence of aluminum particles in the 
lungs of guinea pigs, rats, and rabbits exposed 
to aluminum dust alone and to a mixture of 
aluminum dust and quartz dust. No human 
tissue has been available for study. The lack 
of staining reaction in the lung tissue of rab- 
bits exposed to quartz dust alone shows that 
this aluminon staining method does make a 
distinction between quartz and aluminum 
particles. 

Detailed instructions for the staining tech- 
nique and the composition of the necessary 
solutions are given below. 


ALUMINON STAINING OF HYDRATED 
ALUMINUM OXIDE IN 
TISSUE SECTIONS 
1. Sections may be made of formalin-fixed 
tissue cut in paraffin (be sure to remove all para- 
fin). Fresh or formalin-fixed tissue sections may 
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also be prepared by means of the freezing micro- 
tome. 

2. Mount sections on glass slide and bring 
through to water in usual way. 

3. Immerse in aluminon staining solution for five 
minutes at 75 C. This solution stains the hydrated 
aluminum oxide a bright cherry red but also stains 
the tissue to some extent. 

4. Dip section three or four times in distilled 
water at room temperature. 

5. Dip slide in decolorizing buffer solution for 
three seconds at room temperature. This decolorizes 
the pinkish-stained tissue, with little effect on the 
color of the aluminum lake. Longer treatment may 
diminish or remove color of aluminum lake. 

6. Wash in distilled water at room temperature. 
Picric acid solution may be used to counterstain 
the tissue. 

7. Mount in the usual manner. 

Buffer Solution pH 5.2 
5 M aqueous ammonium chloride solution—44.2 
parts 


on 


M aqueous ammonium acetate solution—44.2 
parts 


M aqueous hydrochloric acid solution—11.6 
parts 
Aluminon Staining Solution 
Grind aluminon (ammonium aurintricarboxylate) 
crystals in an agate mortar and dissolve in buffer 
solution to make a 2% solution of aluminon. Allow 
to stand 48 hours and then filter before use. 
Decolorizing Buffer Solution pH 7.2 
Buffer solution pH 5.2—73.5 parts 
1.6 M aqueous ammonium carbonate solution 
—26.5 parts 
Add one or other of these solutions to adjust 
to pH 7.2. 
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Experiences with the 


ina Foundry 


LESLIE H. OSMOND, M.D., Homestead, Pa. 


THE DUST HAZARD 


In the foundry described large castings in 
the range of 4 ton to 350 tons are manufac- 
tured. Because of a multiplicity of mechanical 
factors involved in the process of cleaning 
castings, the silicosis hazard in a foundry 
increases proportionally with the size of the 
castings. The present foundry provided no 
exception to this rule. Repeated appraisals 
of the dust in the plant made by competent 
engineers revealed a material and continuing 
dust hazard. The company introduced every 
recommended or possible hygienic measure 
but failed to bring the hazard under complete 
control. Realizing that it was not possible 
to prevent entirely the release of quartz and 
cristobalite dust, the company instructed me 
to study the aluminum method of prophy- 
laxis. This was done over a period of four 
years in an adjoining silica-brick manufac- 
turing plant. The observations derived from 
this study were sufficiently favorable to de- 
cide the company to apply the method to its 
foundry in 1948. At the time of introduction 
of the aluminum method dust counts con- 
tinued to be higher than desirable. 

The dust concentrations and the percent- 
age of free silica in the dust varied from job 
to job and from man to man on the same job, 
especially in the case of the larger castings. 
Because of the inability to clean the larger 
castings prior to the chipping operation, the 
chippers received the highest exposures. The 
large castings, which sometimes took weeks 
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to cool after being poured, showed a con- 
siderable amount of conversion of the quart- 
zite sand particles to cristobalite. According 
to Hannon,’ cristobalite tends to fracture 
into extremely small particles when sub- 
jected to shock owing to a difference in the 
molecular structure. 


THE SILICOSIS PROBLEM 


I have been continuously associated with 
this company for 19 years. The men who 
developed silicosis were not different from 
men in other plants, and silicosis occurred 
in many stages of severity. Many of these 
cases were of simple silicosis and detectable 
by x-ray only. The silicosis was classified as 
severe when there were associated symptoms 
of shortness of breath, tightness in the chest, 
weakness, cough, and a decrease in the pul- 
monary reserve. The fact that these were 
cases of genuine silicosis rather than siderosis 
was confirmed by periodic x-ray and spo- 
radic autopsy studies. 

The pathological picture of silicosis was 
found to be not unlike the classical silicosis 
found in comparable steel plants which man- 
ufacture large castings. 

The roentgenographic findings have like- 
wise conformed to silicosis in other steel 
foundries. The time required for the develop- 
ment of radiologically detectable silicosis 
varied considerably. The rate of progression 
of the disease also varied, but in most cases 
progression to the advanced stages was found 
to be relatively slow. The earliest roent- 
genographic signs included linear thickening 
of major and minor lung markings, a wide- 
spread small nodulation without preceding 
changes, and focal nodulation usually con- 
fined to about the midupper lobe region on 
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Fig. 1—Mill used for the production of pul- 
verized aluminum. 


either the right or the left side but more 
commonly on the right. Some cases devel- 
oped massive conglomeration without much 
or any apparent preceding nodulation. 


A. 


ARCHIVES OF INDUSTRIAL HEALTH 

In the established case of foundry silicosis 
the nodular pattern with and without areas 
“pockmarking,” as described by Cole,’ 
was by far the commonest lesion. Conglom- 
erate reactions, almost entirely confined to 
the upper lobe regions, were late manifesta- 
tions. Emphysema in varying degrees was a 
constant accompaniment of the silicotic proc- 
ess. When this foundry was first studied, 
in 1936, there was a high tuberculosis rate 
among the silicotics. The rate has fallen off 
remarkably, and only one active case was 
found in the past three years. During the 
latter years there have, however, been a fair 
number of cases in which radiological lesions, 
thought to be tuberculous, developed in the 
interim, with regression, scarring, and sta- 
bility. 


of 


ALUMINUM PROPHYLAXIS AND TREATMENT 


In order to evaluate the effect of aluminum 
prophylaxis and therapy on silicosis in this 
foundry, changes in the pulmonary function 
were used as the essential criterion. Cog- 
nizance was also taken of the x-ray changes 
and physical condition of the men. The men 


shaft; (C) shaft block; 
(G) air exits from mill to mill shaft; 
bottle; (17) bottle; 
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Fig. 2—Diagram showing manner of action of aluminum powder mill: 
(D) sound insulation housing ; 
(H) aluminum pellets ; 
(N) one-way breathing valve, and (O) breathing valve orifice. 
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(A) air inlet; (B) 
(E) ball mill; (F) air inlets to mill; 
(K) mill bearings; (L) inlet to 
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CONTROL OF SILICOSIS 


were divided into three groups, namely, the 
chippers, the molders, and the miscellaneous 
employees, respectively. There was a total 
of 62 chippers, 39 molders, and 188 in the 
miscellaneous group. 


Aluminum was administered in the following 
way. A small McIntyre aluminum mill (Figs. 1 and 
2), which produced 3.2 mg. of pulverized aluminum 
per liter of air at an air flow of 10 liters per 
minute, was used. Owing to impingement in the 
settling flask, breathing tubes, and breathing valves, 
the amount of powder released for inspiration was 
reduced to approximately 50% of the amount 
generated at the mill outlet. Two men received 
treatment simultaneously, as shown in Figure 3. 
Each such employee received on an average 230 
minutes’ inhalation therapy each year in the form of 
weekly sessions, lasting an average of 5 minutes 
each. This aluminum regimen was varied in propor- 
tion to the estimated severity of the quartz exposure 
to which the men had been subjected previously and 
to which they still were exposed. 

The pulmonary function was determined by using 
the criteria listed below and evaluated with refer- 
ence to standard normals established in the litera- 
ture. In this connection, the observation may be 
made that standards of normality vary considerably 
between different laboratories, and average values 
published by separate investigators were relied on. 
The following were the criteria on which most 
reliance was placed: 


Criteria 


Maximal breathing capacity, liters... 


Maximal tidal volume, ec. 


RESULTS 


The status of the men during 1954 is com- 
pared with their condition during 1948 and 
is summarized in Tables 1 to 4. 

The result obtained with respect to the 
chippers is most remarkable, having regard 
to the fact that their lesions were more ad- 
vanced and that they continued to receive 
the same significant degree of dust exposure. 
It will be observed that only about 9% of 
these men who commenced the aluminum 
therapy in 1948 with a normal functional 
reserve showed any deterioration by the end 
of 1954. 

Of those chippers who were functionally 
impaired at the commencement of their 
period of treatment during 1948, only about 


Pulmonary reserve, cc. 


Fig. 3.—Demonstrating manner of administering 


aluminum powder. 


10% deteriorated further despite aluminum 
therapy. The balance of these men (89% ) 
showed a remarkable degree of improvement. 
Indeed the lung function figures obtained in 


Normal Range 


(B.S. A. & 25)-(23 & [age-30]) 
145-160 liters 

2500-(25 [age-30]) 

2000-(25 [aged-30) ) 


78% of the cases could be classified as nor- 
mal (Table 1). 


The dust hazard—and the consequent 


severity of the disease—was next highest in 


TasLe 1—Changes in the Functional Lung Capac- 
ity of Foundry Chippers (Sixty-Two Work- 
men) Subjected to Period of Aluminum 


Lung Fune- 


Year tion Status Men, No. 
5, { Unaltered 31 
| Worse 3 
Unaltered 0 
Improved * 25 


*Of the 25 who improved, 22 were normal at the time 
of the period of assessment in 1954. 
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TaBLe 2.—Changes in the Functional Lung Capac- 
ity of Foundry Molders (Thirty-Nine 
Workmen) Subjected to Period of 
Aluminum Therapy—1948-1954 


Lung Fune- 


Year tion Status Men, No. 
Normal 24 
Unchanged 22 
{ Aggravated 2 
ens Subnormal 15 
{ Unchanged 1 
Deteriorated 2 
Improved * 12 


* Of the 12 who improved, 11 were normal at the time 
of final assessment in 1954. 


the molders, and the results obtained with 
these men after six years of aluminum ther- 
apy consequently also appear to be signif- 
icant. Of those that started off normal in 
1948, only about 8% had deteriorated. Of 
the 15 commencing aluminum therapy with 
a measurable degree of functional incapaci- 
tation, about 7% showed no progression of 
their condition, about 13% became aggra- 
vated, while the balance (80% ) improved, 
with 73% reverting to normality (Table 2). 

The remaining cases in the miscellaneous 
group showed much the same range of re- 
sponse to aluminum therapy. Three out of 
one hundred six normal cases deteriorated 
despite therapy, but the balance showed no 
progression. This result may seem excellent, 
but it must be recalled that this is the group 
of foundry employees for whom a six-year 
period is less critical in respect of the rate 
at which they develop silicosis or advance to 
disability. 

Of those 82 employees in the miscellane- 
ous group who started off their period of 


TABLE 3.—Changes in the Functional Lung Capac- 
ity of Foundry Miscellaneous Group (188 
Workmen) Subjected to Period of 
Aluminum Therapy—1948-1954 


Lung Fune- 


Year tion Status Men, No. 
{ Unaltered 103 
| Worse 3 
Subnormal 82 
{ Aggravated 6 


* Of the 76 who improved, 64 were normal at the time 
of final assessment in 1954. 
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aluminum therapy with demonstrable func- 
tional impairment, 7% showed no favorable 
response and became aggravated. The bal- 
ance (93%), however, improved, and of 
this group 78% reached normality at the 
end of the six-year period (Table 3). 

The totals for the three groups, namely, 
chippers, molders, and miscellaneous em- 
ployees, are shown in Table 4. 

X-Ray Studies. — Roentgen-ray studies 
were made on each employee studied in this 
series at periodic intervals, and each em- 
ployee was x-rayed at least once each year. 
It may be significant that during 1953 and 
1954 no new cases of silicosis developed in 
this group, in spite of the fact that the men 


TABLE 4.—Changes in the Functional Lung Capac- 
ity of All Foundry Workmen (289 Work- 
men) Subjected to Period of Aluminum 
Therapy 1948-1954 


Lung Fune- 


Year tion Status Men, No. 

Normal 164 
Unaltered 156 
{ Worse 8 
f Unimproved 1 

| Improved * 113 


*Of.the 113 who improved, 97 were normal at the time 
of final assessment in 1954. 


reported on had work exposures of signif- 
icance prior to 1948 when aluminum ther- 
apy was started. A similar observation was 
never recorded in any prealuminum year in 
this foundry. 

SUMMARY 


1. Two hundred eighty-nine foundry em- 
ployees were subjected to aluminum therapy 
for a six-year period. 

2. The average exposure to aluminum was 
230 minutes per person per year. 

3. It is estimated that each employee re- 
ceived approximately 1650 mg. of pulverized 
aluminum per annum. 

4. Of the 164 men commencing aluminum 
exposures with normal functional status, 
95% were unchanged and 5% had deterio- 
rated at the end of six years. 
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CONTROL OF SILICOSIS 


5. Of the 125 men starting with a measur- 
able degree of functional incapacitation be- 
fore aluminum treatment was instituted, 9% 
deteriorated further, while 90% improved, 
and of the latter group 77% reached nor- 
mality at the end of this period. 


6. The incidence of new cases of radiolog- 


ical silicosis dropped to zero during the years 


1953 and 1954, which is the first time this 
has happened in the history of this foundry. 
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News and Comment 


ANNOUNCEMENTS 


Course in Occupational Skin Problems.—The Institute of Industrial Health, of the 
University of Cincinnati, announces that the course of instruction in Occupational Skin Problems 
will be given during the week of Oct. 10-14, 1955. It will be presented by the Department of 
Preventive Medicine and Industrial Health, University of Cincinnati, in collaboration with the 
Occupational Health Program, of the United States Public Health Service, and the Department 
of Dermatology and Syphilology, of the University of Cincinnati. The objective of this course 
is to give physicians a greater understanding of cutaneous problems of occupational origin. 

The program will be divided into three daily sessions, consisting of morning lectures and 
clinical demonstrations, afternoon field instruction in industrial plants, and evening panel discus- 
sions. The didactic presentations will include a review of the anatomy, physiology, and chemistry 
of the skin. Detailed consideration will be given to the etiology, diagnostic evaluation, and 
treatment of occupational dermatoses, as well as specific measures for prevention and control of 
these problems. Current concepts regarding cutaneous cancer, allergic reactions, and medico- 
legal problems will be discussed. 

Physicians interested in attending the course should write for an application blank to 
Secretary, Institute of Industrial Health, Kettering Laboratory, Eden and Bethesda Aves., 
Cincinnati 19, Ohio. Early application is advised, since attendance will be limited. 


Venereal Disease Postgraduate Course.—The 24th Venereal Disease Postgraduate 
Course for physicians sponsored by the University of Chicago and the Public Health Service 
will be given at the University of Chicago Sept. 26 through Sept. 30, 1955. 

The one-week course is designed to acquaint the practitioner with the latest developments in 
diagnosis, treatment, and management of the venereal diseases. No tuition will be charged for 
this course. Applications for admission are to be to the Section of Dermatology, Department of 
Medicine, University of Chicago, Chicago 37. 

The faculty for this course will be drawn from various universities, from the Public Health 
Service, and from among outstanding authorities in the field. This course is accredited by the 
American Academy of General Practice. 
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Books 


Workmen’s Compensation. By Herman M. Somers and Anne R. Somers. Price, $6.50. Pp. 341. 
John Wiley & Sons, Inc., 440 Fourth Ave., New York 16, 1954. 


Workmen’s compensation at present covers close to 40,000,000 workers, provides income 
maintenance only or medical care as well as cash benefits for hundreds of thousands of persons 
each week, costs the employers more than $1,300,000,000 a year, and involves much higher 
expenses to society as a whole. Yet, despite its importance as a large-scale program of social 
insurance, its wide ramifications, and its impact on other health and welfare activities under 
public and voluntary auspices, the system, as a whole, has not been studied as intensively and 
extensively as it deserves. It is most gratifying that the authors have undertaken the difficult 
and badly needed task of gathering together widely scattered data on the operation of the 54 
workmen's compensation programs constituting the present system, of determining its achieve- 
ments and shortcomings, and of defining the basic issues that have arisen. The result of their 
labors is an excellent, lucidly written book, rich in factual information on the development, 
present state, and actual operation of the system, remarkable for careful analysis and evaluation 
of the vast experience gained in more than 40 years, distinguished by balanced judgment, and 
full of constructive criticism. Especially noteworthy from the point of view of health policy 
are the chapter on the relationship of workmen’s compensation to the safety movement and to 
personal health services designed to foster occupational hygiene, the detailed discussion of 
rehabilitation, and the summary, “Workmen’s Compensation at the Crossroads,” which 
courageously states the major problems to be solved in the future. The value of the book is 
enhanced by an appendix containing summaries of the two Federal acts in this country and of 


the British Industrial Injuries Insurance System and the Ontario Workmen’s Compensation 
System. 
FrRANz GoLDMANN, M.D., Boston. 


Legal Medicine, Pathology and Toxicology. Second edition. By T. A. Gonzalez, M. Vance, 
and C. J. Umberger. Price, $22. Pp. 1349. Appleton-Century-Crofts, Inc., 35 W. 32d St., 
New York 1, 1954. 


Dust Is Dangerous. By C. N. Davies. Price, 21 shillings. Pp. 116, with 31 plates and 23 
diagrams. Faber & Faber, Ltd., 24 Russell Sq., London, W.C., 1954. 


This book “seeks to explain and classify the dangers of dust and to set out general principles 
for assessing and dealing with dust problems.” The author’s thesis is that “the simple cure for 
dust diseases is to avoid making dust.” 

Dr. Davies’s numerous publications on the physics of dust and of dust inhalation are known 
and respected throughout the industrial world. He always writes with clarity and with brevity. 
We wish this book were less brief, but within its few pages he has chapters on the following: 
(1) Dust Hazards of the Industrial Worker; (II) Dust Sampling; (III) Preventive Measures; 
(IV) Radioactive Dusts; (V) House and Nonindustrial Dusts, and (VI) Dust Explosion, 
followed by references, chapter by chapter, and an index. 


Puitie DRINKER. 


Die Staublungenerkrankungen: Band II. Herausgegeben. By Kk. W. Jétten, W. Kloster- 
kotter, and G. Pfefferkorn. Price, unknown. Pp. 424, with 273 illustrations. Verlag von Dr. 
Dietrich Steinkopff, Holzhof-Allee 35, Darmstadt, Germany, 1954. 


This publication contains 46 reports which were presented at the Second International 
Pneumoconiosis Conference of the State Institute for Pneumoconiosis Research and Industrial 
Hygiene at Miinster, Germany, Nov. 2-4, 1953. 

The printing and illustrations are excellent. 

The Conference was almost exclusively concerned with silicosis, and the reports deal with 
all aspects of the study of this disease. There are sections devoted to the pathology of silicosis; 
study of the effects of various industrial dusts on experimented animals; basic chemical, 
mineralogical, and electron-microscopic studies; clinical and roentgenological aspects of pneu- 
moconioses ; preventive measures, and treatment of silicosis. 
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A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


With the exception of one article in English and one in French, all the reports are in German. 
This publication is an important contribution to the study of pneumoconiosis and should be 


available to workers in this field. ALBERT Q. SEELER, M.D., Cambridge, Mass. 


Financing Hospital Care in the United States: Vol. II. Prepayment and the Com- 


munity. Edited by Harry Becker. Price, $4.50. Pp. 356. McGraw-Hill Book Company, Inc., 
330 W. 42d St., New York 36, 1955. 


The second volume in the series of reports of the Commission on Financing of Hospital Care 
traces the development of voluntary prepayment plans for hospital care, defines their achieve- 
ments and shortcomings, and offers recommendations for the attainment of “maximum coverage 
of the population with voluntary prepayment at the lowest possible cost compatible with the 
inclusion of adequate benefit provisions.” The progress in extending hospitalization insurance 
to more and more people and in broadening prepaid benefits has been phenomenal, and the story 
of this growth is well told. But there is no reason for complacency, as a substantial proportion 
of the self-supporting population is not covered by any hospitalization insurance and the benefits 
provided by most of the plans leave room for improvement. 

The Commission has not been entertaining any illusion about the gaps that remain to be 
filled. It realizes that “the destiny of voluntary prepayment as a method of adequately financing 
higher standards of hospital service, economically provided, will be determined by the extent to 
which all segments of the community join in making it an effective community institution meet- 
ing community needs.” In the opinion of the Commission the gainfully employed population, with 
the exception of the lowest-income groups, has the income required to purchase prepaid hospital 
care. This conclusion fails to place the problem in proper perspective. Expenditures for hospital 
care account for approximately one-fifth to one-fourth of the total private expenditures for 
medical care in the wide sense of the term. To treat prepayment for hospital care without regard 
to prepayment for professional services is to refuse to acknowledge the main function of the 
modern hospital and to minimize the financial problem facing those who are willing to take out 
insurance for more comprehensive benefits outside as well as within the hospital. Although 
employer contributions have been responsible for much of the growth of voluntary prepayment 
plans in the past and, in the opinion of the Commission, should be encouraged in the future, 
this aspect receives but scanty attention, and the many and varied problems involved are not 
discussed at all. 

As a review of facts on the relationship of prepayment plans to hospital operation and as a 
restatement of objectives and expression of a philosophy, the book is useful and enlightening. As 
a blueprint of community action for effective support of the voluntary hospital system, it is likely 
to disappoint those who expect more than a statement of aspirations and a series of recommenda- 
tions for mending and patching. Franz GOLDMANN, M.D., Boston. 
Financing Hospital Care in the United States: Vol. III. For Nonwage and Low- 

Income Groups. Edited by Harry Becker. Price, $2.50. Pp. 110. McGraw-Hill Book 
Company, Inc., 330 W. 42d St., New York 36, 1955. 


“An orderly plan for financing hospital care for the nonwage and low-income groups cannot 
be postponed without jeopardy to the financial structure of the voluntary hospital.” This theme 
is developed in the third volume in the series of reports of the Commission on Financing of 
Hospital Care. The greater part of the publication is devoted to a well-organized, informative, 
and readable analysis of the characteristics of the five socioeconomic groups involved: the aged 
who are not employed; the temporarily unemployed; the disabled; the self-supporting persons 
with marginal incomes, and the recipients of public assistance. The analytical chapters are 
followed by a compilation of citations from some of the recent proposals pertaining to the 
financing of hospital care for persons with low or no income. The Commission has found it 
difficult to come up with definite answers to the intricate problem of eliminating those hospital 
deficits which are attributable to the present inadequate method of raising funds and paying for 
the hospitalization of the needy and medically needy. Accordingly, the publication merely offers 
a list of suggestions for improvements in existing programs and practices. It refrains from 
discussing the implications of these recommendations and from relating them to the broader 
problems of making the best possible medical care available to all the needy and medically 
needy and of reducing the cost of illness to the individual patient and to society in a free- 


enterprise economy. Franz GoLpMANN, M.D., Boston. 
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...the new and improved 


Rallies Saunders’ Snake Bite Kit, 


e 
DERMATOLOGY exclusive with eee 
. When a poisonous snake strikes, suction must be applied im- 
Designed to save mediately. Venom must be prevented from spreading through 
i the body. The new, improved Saunders’ Snake Bite Kit provides 
you hours of reading 


instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 


time through visual pres- 


entations to provide you victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 
with timely tips every month oe iodine swabs, adhesive bandages, Saunders’ venom-suction pump. 
to place useful information at your with two adapters. Write for data. 
finger tips, leaving less information 
on your reference shelf. M 
Write for eubscriptions te: O 
AMERICAN MEDICAL ASSOCIATION en 


535 Nerth Dearborn Street 


Chicago 10, Ill. Medical Supply Company 
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Pharmaceutical Division 


RESULTS COUNT!...1n Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


(Athlete's Foot) 


“= 


Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


PD-32 


The Skin in Health and Disease. 
Harold N. Cole. 8 pages. 15 cents. 
“Hair-Brained” 


Notions. Lois 


SKIN 


Pamphlets about 


Psoriasis, The Threadbare Man- 
tle. Lester Hollander. 12 pages. 
15 cents. 


% Mattox Miller. 12 pages. 15 cents. Fire Under the Skin. William W. 
-" Acne. 2 articles. Robert P. Little; Bolton. 12 pages. 15 cents. 
Jane Parker Kirkpatrick. 12 pages. 

15 cents. 
Py Cosmetic Facts and Fancies. AMERICAN MEDICAL ASSOCIATION 
3 Austin Smith. 8 pages. 15 cents. 535 N. Dearborn St. © Chicago 10 


manufactures all three from raw 
material to finished product! 


eC, Se A Specialized Soap to Meet Every 


Type of Plant Requirement! 


Whether for light, heavy or extra heavy duty, for 

general plant or office use, or to solve specific 

cleansing problems, our more than 40. years of 

experience in serving industry is at your service. 
* Your inquiries will receive prompt and intelligent 
attention! - . 


380 MADISON AVENUE NEW YORK 17, N. Y. 


LIGHTFOOT SCHULTZ COMPANY 


. . . interesting information 
for your patients 


... reinforcements for your 
own verbal instructions 


The A. M. A.’s Bureau of Health 
Education offers pamphlets on most any 
subject . . . such as these three 
articles on old age: 


HOPE FOR THE AGED 
James A. Brussel 
4 pp. 10¢ 


THE PROMISE OF GERIATRICS 
T. C. Desmond 
16 pp. 20¢ 


STILL LOOKING AHEAD 
28 pp. 15¢ 


You may obtain a catalogue by writing to: 
A.M.A. BUREAU OF HEALTH EDUCATION 


535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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OUTER EAR 


Today's growing concern about industrial noise has 
turned the spotlight on the human ear, and an 
understanding of this wonderful and intricate mech- 
anism is becoming a must for many industrial 
hygienists. Although much has been published on 
the ear, we hope this simplified explanation will 
fill some gaps. 

The ear does a lot of work before we ‘hear.’ The 
OUTER EAR collects, funnels, and directs the 
sound waves. The MIDDLE EAR transmits them. 
The INNER EAR analyzes the frequency and in- 
tensity of the sound, then converts this information 
into nerve impulses that go to the brain. 

This hearing process is charted in line symbols on 
the simplified schematic drawing above. The wavy 
line [———J in the outer ear represents sound waves 
entering the auditory canal. As these waves reach 
the end of the canal, they strike the ear drum, 
causing it to vibrate. These vibrations [600000] are 
picked up by the connecting hammer, anvil, and 
stirrup bones in the middle ear, and the message is 


| MIDDLE EAR | 


A simple explanation of how we hear NOISE 


INNER EAR | 


OVAL WINDOW 


ORGAN OF CORTI 
BASILAR MEMBRANE 


= 


NERVE TO BRAIN 


transmitted to the oval window. 

The pulsating action of the oval window, caused 
by the transmitted vibrations, moves the fluidd yy] 
in the cochlear canal of the inner ear. The varying 
pressure from the fluid displacement is accommo- 
dated by a flexible round window in the cochlea. 

The motion of the fluid in the cochlea stimulates 
the “hair cells” of the organ of Corti, a complex 
structure of sensory cells that rests on the basilar 
membrane. It is generally agreed that each of these 
“hair cells” is tuned to particular frequencies. This 
means that when certain sounds reach the fluid of 
the cochlea, only those “hair cells” tuned to the 
sound frequencies will respond. This stimulation 
originates impulses KAAAA] which are transmitted 
along the auditory nerve to the brain... and we hear! 

Because it is vital that industrial workers HEAR, 
but at the same time are safeguarded against noise 
that could be harmful, M°S:A has developed the ear 
protection devices shown below. We will be happy 
to give you complete details. 


Reprints of this ad are available on request. 


M°S°A EARSAVER— 
Peaked cap assem- 
bly for persons ex- 
posed continuously to 
relatively high level 
noise. 


NOISEFOE— 
Head-set suspension 
type, easy to put on, 
take off. For inter- 
mittent entry into 
noisy creas. 


EAR DEFENDERS 
—lInsert type. Provide 
effective closure of eor 
canal. Easily fitted, com- 
fortable. Three sizes as- 
sure comfortable fit. 


MINE SAFETY APPLIANCES COMPANY 
201 North Braddock Avenue, Pittsburgh 8, Po. 


Al your Service: 82 Branch Offices in the United Stotes ond Canada 
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Relieve 
Nasal Congestion 
in HAY FEVER 


Neo-Synephrine promptly constricts engorged 
capillaries thus reducing swelling and “boggi- 
ness” of the allergic nasal mucosa. 
Neo-Synephrine’s dependable vasoconstrictive 
effect also helps to stop local irritation and 
sneezing. No central stimulating effect, no 
drowsiness. 


Used with undiminished effectiveness throughout 
an attack of allergic rhinitis, Neo-Synephrine 
may prevent complications — sinusitis, nasal 
polyps or even asthma, which may result from 
inadequate sinus drainage and chronically 
blocked nasal passages. 


NEO-SYNEPHRINE’ 
DOSAGE FORMS 


Solutions: 0.25% — 0.25% (aromatic) — 0.5% — 1% — 
Emulsion 0.25% — Jelly 0.5% 
Nasal Spray 0.5% (plastic, unbreakable squeeze bottle) 


Nasal Spray Pediatric 0.25% (new introduction) 
Contains Zephiran® Cl 0.02% (1:5000), antibacterial 
wetting agent and preservative for greater efficiency. 
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Neosynephrine (brand6f phenylephrine) and Zephiran (brand of a 
New Yore- NY. Winosom izalkonium chidfide — refined), trademarks reg. U. S. 


